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[57] ABSTRACT 

A controller for directing a host machine which is oper- 
ative to include a central processor for program execu- 
tion, a system bus controlled by the central processor 
for carrying data, address and control signals, and a data 
memory coupled to the system bus. Additionally in- 
cluded is a direct memory access moudle for convey- 
ance through the system bus of a hold signal to the 
central processor upon receipt of an enabling signal, and 
upon acknowledgement for control assumptions of the 
system bus for generating address and state signals that 
will directly access the data memory for host machine 
update. Operative to interface with the above is a fault 
timer including a counter clocked at a given frequency 
for reset by the state signal from the direct memory 
access module if within a given period, and upon ab- 
sence of reset for generating a fault signal, and a bistable 
unit operative to receive the fault signal from the 
counter for clocked latching thereof, and for generating 
a hold signal through the direct memory access module 
to the central processor and a disabling signal to the 
host machine. 

18 Claims, 37 Drawing Figures 
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aor and disenable the host machine upon absence of a 
WATCH DOG TIMER MODULE FOR A normal reset signal thereby indicating a fault condition. 

CONTROLLER It b another further object of the invention to provide 

means in the watch dog timer that will enable it during 
CROSS-REF^NCE TO RELATED 5 a fault condition to control the hold and acknowledge 

ArrLlCA 1 lUJNa functions of the direct memory access. 

A patent application entitled "Control System for In carrying out the objects of the invention, a direct 
Electros tatograp hie Machines" bearing Ser. No. memory access unit in a controller is operative to re- 
677,473 and filed on Apr. 15, 1976 by John W. Daugh- ceive an enabling address signal on a system bus from a 
ton et al and assigned to Xerox Corporation describes *<> control processor thereby allowing it to issue a hold ' 
and claims a programmably controlled electros tata- signal back to the control processor for operational 
graphic copier where such a copier may be the host suspension thereof. Upon acknowledgement of the 
machine in the preferred embodiment of the present hold, the direct memory access will assume control of 
case. The present invention also relates to an invention the system bus thereby allowing it to generate periodic 
disclosed in copending application U.S. Ser. No. 15 active state control and address signals to the system 
758,117, to the inventors George Mager et al. entitled bus that will directly access the associated on-board 
"Direct Memory Access Refresh System" which is memory to be used for update-refresh of the control 
assigned to the assignee of the present invention. The registers of the host machine. 

present invention also relates to inventions disclosed in A watch dog timer in the controller is operative to 
copending application, U.S. Ser. No. 758,1 1 1, to the 20 receive the periodic state control signal from the direct 
inventors Kenneth Oillett et al., entitled "Non-Volatile memory access for self-resetting thereof, and upon non- 
Storage Module For A Controller" which is assigned to periodic receipt thereof, it will generate a hold signal 
the assignee of the present invention. The present inven- through the direct memory access to the control pro- 
tion also relates to an invention disclosed in copending cesser and a fault signal to disenable the control regis- 
applicatkm, U.S. Ser. No. 758,892, to the inventors 2 ters and thus the host machine itself. 
George Mager et al. entitled "System Data Bus", which np^c*R TPTTON OF thf nuAwiNns 

is assigned to the assignee of the present invention. The BRIEF DESCRIPTION OF THE DRAWINGS 
present invention also relates to an invention disclosed Various other objects, advantages and meritorious 
in copending application, U.S. Ser. No. 758,891, to the M features of the invention will become more fully appar- 
tnventor Edward L. Steiner et al. entitled "Controller ent from the following specification, appended claims 
Optical Coupler" which is assigned to the assignee of and accompanying drawing sheets, 
the present invention. The features of a specific embodiment of the inven- 

nAricnuniTwr* of thf imvfntton tioQ m mustrated m * c Swings, in which: 

BACKGROUND OF THE INVENTION ^ FIG. 1 is a block diagram of the programmably con- 

A. Field of the Invention trolled system for directing a host machine; 

This invention relates generally to computerized con- FIG. 2 is a block diagram of the central processor 

trollers of machine processes in a host machine such as unit module of FIG. 1; 

an dec trostato graphic copier and particularly to con- FIG. 3 is a block diagram of the input-output proces- 

troliers having watch dog timers. 40 sor module of FIG. 1; 

D. Prior Art FIG. 4 is a logical diagram of the central processor 

In the past, controllers having a computer would address bus interface of HO. 2; 

only be able to shut themselves down either by manual FIG. 5 is a logical diagram of the central processor 

intervention or automatically through relatively slow data bus interface of FIG. 2; 

or narrow sensing of the control processor and/or host 45 FIGS. 6A-B is a logical diagram of the system bus 

machine. The result of the above would be a continua- terminus of FIG. 2; 

tion of the host machine process in a fault condition FIG. 7 is a logical diagram of the memory address 

until remedially automatically sensed or indefinite con* decoder of FIG. 2; 

tinuation until manual intervention in the absence of FIG. 8 is a logical diagram of the Hold circuit of 

automatic sensing. 50 FIG. 2; 

_ „ wwm FIGS. 9A-D is a logical diagram of the Data Mem- 

SUMMARY OF THE INVENTION oryofFIG.2; 

It is an important object of the invention to provide FIGS. 10A-C is a logical diagram of the Program 

means for watch dog timing of a fault condition in a Memory of FIG. 2; 

controller for subsequent shut down of the controller 55 FIG. 11 is a logical diagram of the Address Bus Con- 

and host machine upon detection of such a condition. trol of FIG. 3; 

It is a further object of the invention to provide FIGS. UA-D is a logical diagram of the Data Bus 

means for detecting when the direct memory access Control of FIG. 3; 

unit of the processor is unable to suspend the central FIGS. 13A-B is a logical diagram of the Function 

processor while providing an update-refresh of the con- 60 Decoder of FIG. 3; 

trol registers of the host machine. FIG. 14 is a logical diagram of the Ready Control 

It is another object of the invention to provide means submodule of FIG. 13; 

for receiving a periodic state control signal from the FIG. 1$ is a logical diagram of the Ready Delay 

direct memory access for normal reset of the watch dog submodule of FIG. 13; 

timer in a non-fault condition. 65 FIG. 16 is a logical diagram of the Direct Memory 

It is yet another object of the invention to provide a Access Apparatus of FIG. 3; 

means that will activate the watch dog timer to direct FIGS. 17A-C is a logical diagram of the Non- 

the direct memory access to suspend the control proces- Volatile Memory of FIG. 3; 
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FIG. 18 is a schematic diagram of the Voltage Regu- quentiaUy routed into the centra] processing unit med- 
iator of FIG. 17; ule 120 to be received by the system bus terminus 50. 

FIG. 19 is a schematic diagram of the PN Generator Upon receipt of predetermined addresses on lines 165 

of FIG. 17; from the system bus 50, a memory address decoder 57 

FIG. 20 is a schematic diagram of the BPN Genera- 3 will output control signals on collective lines 55, 480 

tor of FIG. 17; and 490 to enable data control circuits in the data mem- 

FIG. 21 is a schematic diagram of the VBATT circuit ory 60 and a program memory 175 respectively. This 

of FIG. 17; will allow the fixed sequence of direct memory access 

FIG. 22 is a schematic diagram of the Input Optical addresses on lines 165 from system bus 50 to activate 

Isolator Module of FIG. 3; 10 outputting of data from the data memory 60 on lines 

FIGS. 23A-B is a schematic diagram of the Output 655A-B to program memory 175. The data outputted 

Optical Isolator Module of FIG. 3; and from program memory 175 on line 170 is then received 

FIG. 24 is a schematic diagram of the Fault Watch toe system bus terminus 50 to be outputed on data 

Timer of FIG. 3. bus line 180 to data bus control 190 of the IOPM 90. 

15 The data outputed from the control 190 then proceeds 

DETAILED DESCRIPTION OF THE on data bus 195 through an output optica] isolator mod- 

PREFERRED EMBODIMENT ule 200 to the control register (not shown) in the host 

Referring particularly to FIGS. 1, 2, and 3 of the ****** » for controlling the machine processes as 

Drawings, there is shown, in schematic block outline, a mentioned supra. Other circuit modules in the control- 

programmatically controlled system 5 having a direct 20 { " 20 ™t directly related to the direct memory access 

memory access refresh apparatus 10 as used in a con- *™Uon but interrelated therewith will be described 

troiler 20 for directing a host machine such as an elec- * J * ^ . . . 

trostatic reproduction system 30. Upon command from . J° facm ™: descnpUon of actual circuits 

a central processing unit (CPU) 40, the direct memory m *? directmemory 

access refresh apparatus 10 will assume control of the 25 ™T ctrcm * ^ **** 

system terminus bus 50 including associated address, ^^2*!^ ^ 

data and control lines, as will be explained infra This CC8SOr ^ ^^^lY^J 30 ^ ^-output 

„ w'uuiuiiw, (» wiu ^ w H «u U «.iui.* processor module (IOPM) 90 where t is appreciated 

will r^nnit the direct memory access refresh apparatus ^ such ' £ary The 

10 to transfer data from datamemory 60 directly to a M cpuM ^ ^ Sttb .modules central^roces. 

host machine Mat a^speed without direct) mampu- m ^ ^ wdaddre88 bu8 mUrfaces 41 ^ 

latum by the CPU 40. The data to be accessed by the circuit ^ system bu8 50, metnory 

direct memory access apparatus 10 is positioned accord- decoder 57, ^ memory W and program memory 175 

mg to a fixed sequential array of addresses m a deoV deluding associated address, data, and control bus lines, 

cated portion of data memory 60 that has been updated „ Likcwi8e> as will be seen, the IOPM 90 which will, as 

periodically by the CPU 40 for the purpose of directa- bdkated supra be described separately, comprises the 

bly updating and refreshing control registers (not function decode unit 100, mput and output optical isola- 

shown) in the host machine 30 which will, in turn, act to tor module8 m, 200, the direct memory access 10. 

direct the host machine 30. non-volatile memory 191, and address and data bus 

More particularly, as a CPU 40 in the central proces- ^ controls 150, 190 including various address data buffers 

sor unit module 120 is pulsed through its given software ^ ^ associated therewith. As indicated 

program by clock 45. it will periodically read an in- supra, other circuit modules in the IOPM 90 only indi- 

struction from program memory 175 to activate the rec tly related to the DMA function will be described 

direct memory access function. This is accomplished by separately infra. 

the CPU 40 sending out through the address bus inter- 45 i n th e central processor unit module 120, there is a 

face 42 a predetermined address on an address bus (AB) central processor or microprocessor 40 used as the cen- 

80 through the system bus terminus 50 and again on an tral computing or controlling element, as shown in the 

address bus 85 to the input-output processor module 90 central processor address bus interface in FIG. 4. Al- 

where the direct memory access apparatus 10 is located. though any of a number of microprocessors could be 

The address is then received by a function decode unit 50 used to perform the desired function, in the particular 

100 in module 90 where the address is decoded into and embodiment described, an Intel 8080 microprocessor is 

sent as an initiation control signal on line 110 to the used as described in Inters 8080 Microcomputer Sys- 

direct memory access apparatus 10. terns Users Manual, copyrighted 1976, Book No. 98- 

Upon receipt of the initiation signal, the direct mem- 153c. As described in the Manual, the microprocessor 

ory access apparatus 10 will in turn send out a "hold" 55 or central processing unit 40 has Phase I (PHI or $1) 

signal on line 450 to the CPU 40, which will act to put and Phase II (PH2 or $2) clock inputs at terminals 22 

the central processing unit 40 into a hold or suspended and 15 thereof wherein a 2mc cycle signal from a clock 

state. Once placed in such a state, the central processing 45 is inputted as a two-phase function on lines 220 and 

unit 40 will, in turn, send a hold-acknowledge signal on 230 respectively. 

line 475 back to the direct memory access refresh appa- 60 In the central processor address bus interface 42 of 

ratus 10, indicating that it has now relinquished control FIG. 4, an input reset signal on line 240 from a control 

of the system bus terminus 50 to the direct memory panel (not shown) is provided to the CPU 40 after in- 

access apparatus 10. The direct memory access (DMA) version 241 and bias by a resistive network 242 having 

apparatus 10 will accordingly send out a fixed sequen- lk ohm biased by +5v. When the reset signal on line 

tial array of address signals on address buffer lines 145, 65 240 is activated, the sequential program address in the 

through its address bus control 150, to merge into ad- CPU 40 will be set to zero, thereby enabling a restart of 

dress lines 85 described supra. The direct memory ac- the program at the relative beginning. A delayed hold 

cess (DMA) addresses on address lines 85 are then se- signal on line 250 from Hold subcircuit 43, shown in 
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FIG. 8 described infra, after biasing by network 242 turn off the data bus 315 relative to CPU 40 during the 
may be inputted to CPU 40 to provide a means for an DMA function. 

external device such as the DMA 10 to gain control of Also in the central processor data bus interface 41, 
the address and data buses while the CPU 40 remains in there are delay circuits for selected data bus bits used as 
a non -active or suspended state. Upon receiving a ready 5 status information on various control lines comprising 
signal on line 377 indicating data available for input 4-bit shift registers that function as D-type flip-flops in 
from tri-state (TS) driver 383, as explained infra, a D- a parallel mode such as 341, 342, 343, 344, 346, and 347. 
type flip-flop 251 Model 74H74 will be set to output on Each is operative to receive clock PHI signals of 2mc 
line 255 to the ready input of CPU 40. It will be noted on line 220 at terminal CLK, reset clock signals on line 
that the IOPM 90 will only respond with a ready signal 10 240 at terminal CLR, and sync signals on 290 at termi- 
after receiving an address from the CPU 40 indicating rials 50 and 51 for setting parallel mode. D-type flip- 
data input required. On lines 265, 270, 275, 281 biasing flops 341, 342, 343, 344, 344 and 347 each output from 
signal inputs of -5, +12, +5, and ground voltage, teminal Q on lines 348, 349, 351, 352, 353, and 354 
respectively, are provided thereon from a source (not respectively. NAND gate 356 with inverted inputs 
shown) as bias for the CPU 40. 15 receives signals on lines 349 and 351 to output upon 

Control signals on a control bus 284 are outputed by ^current receipt of inputs to line 357. Inverters 358, 
the CPU 40 including the "DBIN" signal on line 285, 359 and 361 are operative to reverse the polarity of 
wherein the "DBIN" signal indicates to external cir- ** n *!L on ***** ■** ** d ^ respectively, 
cuits that the data bus into the CPU 40 is in the input NAND « atc 3 ? 6 . wlth Averted inputs will upon concur- 
mode as to data. A "SYNC" signal on line 290 as out- 20 ™ % f?* 1 * of agl J^ °" 3 *™£?^? Utp * °? 
puted by the CPU 40 is provided to indicate the begin- ^n-state ^ nvcra **> * 9 ' 3 f 71 *** ™ 

ning of each machine cycle thereby syncing all periph- ^h "averted "P* ™" «P™ receipt of a ocatad 
era! t circuits relative to the CPU 40 as will be seeninfra. "°^ ag ^°? l ^ *° ° Ut|>Ut ° n ^ 37 * 376 
A "WR" signal on line 295 as outputed by the CPU 40 „ M * .I^^. y ' ..... . , . - 

• V, lfl/ iL»j B(t *u af <u* r*PfT 25 The Ready" signal that is ultimately used for en- 

^T«t£^ ^J?SH aWm « ready control 1090 of function decode 100 of 

™ foIS t£S£E£ XLfedS IOPM 90 is generated by inputs to an AND gate 378 

° n 30 *i 8 TT out P. uted * C f V 40 £? knowledge ^ « Rcsct » signal fr 0tn the control panel (not 

that the CPU is in a W' MMid occur jJJ*. mcn tioned lupra on line 240, [he supra 
whenever an address has been outputed by the CPU 40, „ •'rjBIN" signal on line 285, the second "Ready" signal 
but a Ready si^aai has not been received in response tQ ^ descrjDcd infra 

on line 305, and the alternative 

thereto. A "HOLDA" signal is provided on line 310 as re8 ult from OR gate 379 on line 381. OR gate 379 is 
outpi^by tbeCPUW tomdj«te that a -hold signal operative to reeeivc ^ b from dther the « MEM . 
has been acknowledged by the CPU 40 in response to a WRITE" signal on line 373 or the "MEMREND" sig- 
Hold I request in thai t the data and address bus control J5 on ^ 377. Upon concurrent receipt thereof by 
may be assumed by the DMA apparatus 10 of the IOPM AND gate 378, it will output on line 382 as a control 

line to a TS- Driver 383 having its input grounded and 
On each of the output address lines A00 through A15 itg output the signal "READY" on line 384 to the CPU 
of the address bus 79 from the CPU 40, there is a reds- 40, A « Rcady » a obtained from the wait 

tive network consisting of a 15k ohm resistor terminat- 40 on fa t m inp Ute a to TS-Driver 386 hav- 

ing at one end to each of the given address lines and at mg a control signal "DHOLDA" on line 330 and opera- 
the other end to a + 5v power supply wherein each of tj vc to output on line 305 as a "Ready" derivative of the 
the resistive networks 320 is used for biasing the respec- wa j t signal. 

tive address lines. Subsequent to said supra biasing resis- At the system bus or system bus terminus therefore 
tive network 320 on each address line is a tri-state (TS) 45 50, ^ shown in FIG. 6, the address bus (AB) lines 80 
HEX bus driver 325 such as Model 74367 used to drive have a common termination with lines proceeding to a 
each of the address lines to output as address bus 80. resistive network 355 having a grounded resistor of 492 
Unless otherwise stated, all model numbers for desig- 0 hms at one end of the terminus and a + 5 v biased resis- 
nated parts are to be found in the TTL data book for to r of 2.5k ohms at the other end of the terminus there- 
design engineers published by Texas Instruments Incor- 50 with. 

po rated. Controlling each of the drivers 325 on line 330 The address bus lines 80 are also terminated by a set 
is signal "DHOLDA" which is a fixed delayed deriva- of address lines on address bus 165 going to the data and 
tive of the "HOLDA" signal on line 310 mentioned program memories 60 and 175 respectively. A final set 
supra and as will be explained further infra, of address lines 85 for the system bus terminus 50 re- 

in the central processor data bus interface 41 of FIG. 55 ceived on line 80 is used for address signals inputed and 
5, the output data lines on data bus 315 as outputed from outputed from the IOPM 90. 

CPU 40 are biased by a resistive network 335 compris- Data bus lines 316, as outputed from CPU 40, also are 
ing 1 5 ohm resistors which are terminated at one end on biased by the resistive network 355 which has a resistor 
each of the data bus lines and at the other end by a of 492 ohms biased by 5v on its non-terminus side and 
positive 5v power supply. Immediately subsequent to 60 also a separate 2.5k ohm resistor grounded on its non- 
the resistive network 335 on each of the data lines is a terminus side. Each of the data bus lines 316 at the 
three-state HEX bus driver 340, Model 74367 for data terminus point of the system bus 50 is connected to a 
outputed from CPU 40. Parallel to the tri-state driver respective data bus line 170 going to data memory 60. 
340 on each data bus line is an identical tri-state driver Likewise, data bus lines 316 also have point of connect- 
345 for data being received by CPU 40. Each of the 65 able terminus with data bus lines 180 proceeding to 
tri-state driver sets of 340 and 345 being controlled on IOPM 90. 

line 350 by a delayed Hold-Acknowledge signal men- In regards to the Memory Address Decode 57 as 
tioned supra and described infra in detail which acts to shown in FIG. 7, a portion of the address bus lines 165 
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including address lines A10 through A15 is sent to Tri- 450 having signal DMA "hold" also is gated with line 

State Drivers 365 each having their control lines 310 having a "Hold-Acknowledge" signal from the 

grounded on line 372. The outputs from the Tri-State CPU 40 at NAND gate 465. Receipt of true signals by 

Drivers 265 for address lines A12-A15 on lines 386 to gate 465 enables it to output on line 470 to the input 

389, respectively, are adapted to go to a NAND gate 5 terminal of D-type flip-flop 455B and accordingly de> 

395. Address lines A10 and All as outputed by their velop a signal on output terminal of same flip-flop 455B 

respective Tri-State Drivers 365 are adapted to output on line 375 to the DMA refresh apparatus 10 as a set 

on lines 375 and 380 to OR gate 390 and from there to delayed "Hold-Acknowledge" signal similarly as dis- 

the NAND gate 395. The outputs from the Tri-State cussed supra. 

Drivers 365 for address lines A10 and All on line 375 10 The "Hold-Acknowledge" signal from the CPU 40 
and 380 are also adapted to input to a dual decoder 385, on line 310 is also gated with the delayed hold signal on 
Model 74153 where said address lines A10 and All are line 250 at NAND gate 480 which outputs, upon con- 
adapted to be received by the input terminals for Select current true signal input receipt thereof, on line 485 to 
A and Select B of the dual decoder 385. The strobe 20 terminal input of D-type flip-flop 455C and outputs on 
terminal of the dual decoder 385 is simply biased on line 15 terminal output as line 330 to the Tri-State Drivers 325 
415 by a resistive network 410 having a first commonly of the address bus interface 42 mentioned supra. It will 
terminated resistor of 492 ohms biased by a +5v and a be noted that the shift register 455 A-C acting as a D- 
second of 2.2k ohms biased by ground insomuch as the type flip-flop is placed in its parallel mode by biasing 
second set of outputs of the decoder 385 is never used in both the terminals SO and SI corresponding to "shift 
this case. 20 left" and "shift right" modes through a line 480 re- 

The output from NAND gate 395 is used to input to ceived from resistive network 485 comprising a resistor 

strobe lO terminal of the dual decoder 385. The tenni- of 492 ohms biased by + 5v at one end and terminating 

nal for data input for the dual decoder 385 also receives at the line 480, and a resistor of 2.5k ohms grounded at 

a bias on line 415 from network 410 thereby leaving it in one end and terminated at the other end also with the 

a continuous "on" condition. NAND gate 395, by re- 25 line 480. Shift register 455A-C is clocked by the 2mc 

ceiving inputs from address lines A10-A15 on lines 375, signal Phase I portion of the 2mc clock 45 on line 220. 

380 and 386-389 respectively, operates to dirivatively In data memory 60 of FIG. 9, there exist 17 RAMs 

dictate a global range of addresses for chip enable (CE) (Random Access Memories) subdivided into a first por- 

for data memory 60. In addition, a subset of the supra tion and a second portion: RAMs 495 A r 495 B, 495C, 

addresses A10 and All on lines 375 and 380 respec- 30 495D, 495E, 495F, 495G, and 495H comprising the first 

tively, determine a local range of addresses for chip portion of data or RAM memory 60; RAMs 500A, 

enable (CE) for activating predetermined areas of the 500B, 500C, 500D, 500E, 500F, 500O, 500H, and 5001 

data memory 60. The designated chip enable (CE) ad- comprising the second portion of RAM memory 60. 

dress will be outputed from terminals 1Y1, 1 Y2 and 1Y3 Each of the RAMs are a Model No. 2 102 having a 1024 

of the decoder 385 collectively as bus 58 or individually 35 X 1-bit configuration, of the static RAM type. Each of 

as lines 420, 430, and 440 respectively. the RAMs in the first portion and the second portion 

When strobe 1G of decoder 695 receives an enabling have address inputs or "A" terminals for the address 

signal on line 386 from TS drivers 365, it will indicate a lines A0-A9. In addition, an enable input is provided at 

general address condition for chip select (CS) for the the "CE" terminal, a data input at the "I" terminal, a 

program memory 175. Consequentially, allowing A14 40 Read/Write input at terminal "R/W" and a data output 

or A13 on lines 387 and 388 to be high will dictate a at terminal "O". 

local range of addresses for chip select (CS) thereby Address bus lines A0-A9 165 from the system bus 50 

enabling a particular area of the program memory 175. are operative to input each to its own Tri-State Driver 

The designated chip select (CS) address will be out- 590 and from there to be outputed on address lines 595 

puted from tenninals 1Y0, 1Y1, 1Y2 and 1Y3 of the 45 in parallel to all the supra-described RAMs of the data 

decoder 695 collectively on bus 55 or individually as memory 60. Each of the Tri-State Drivers 590 has its 

lines 700, 705, 710 and 715 respectively. Each of the control line 600 grounded for continuous driving when- 

supra output lines being biased by a resistive network ever signals are present at the input thereof, 

having 680 ohms biased by a + 5v. Chip enable address Data bus lines (D0-D7) 170 from system bus 50 are 

line 440 is operative to bifurcate first as line 480 and 50 inputed each to their own set of Tri-State Drivers 605 

secondly through inverter 485 as line 490 to designate and from there to be outputed on data bus lines 610. The 

either a respective first or a second global portion of Tri-State Drivers 605 for the data bus 170 are grounded 

program or data memory 60, 175 as will be detailed on control line 615 in a manner similar to that described 

infra supra. The Data Zero signal on line 617 of the data bus 

In the Hold circuit 43 of FIG. 8, on line 450 a DMA 55 610 is operative to be sent to the data input terminal "I" 

"hold" signal may be received from the DMA refresh of RAM 495A of the first portion and also to the data 

apparatus 10 as will be described infra to be relayed to input terminal of RAM 500A of the second portion of 

a set of 4-bit bidirectional shift registers 455A-C, Model data memory 60. The Data One signal on line 620 of 

74194 which in this embodiment is segmentary used as data bus 610 is operative to be sent to the data input 
a D-type flip-flop. Each of the flip-flops 455A-C have a 60 terminal of RAM 495E of the first portion and RAM 

SO and SI terminal commonly tied to give parallel select 500E of the second portion of data memory 60. The 

inputs, a clock input terminal (CLK), a clear input ter- Data Two signal on line 625 of data bus 610 is operative 

minal (CLR), a data input terminal (I) and an output to be received at the data input terminal of RAM 495B 

terminal (O). The DMA "hold" signal on 450 being of the first portion and the data input terminal of RAM 
adapted to proceed to the terminal input of the flip-flop 65 500B of the second portion of data memory 60. The 

455A for clock set at its output terminal thereby giving Data Three signal on line 630 of the data bus 610 is 

a set delayed "hold" signal on line 250 that syncably operative to be sent to the data input terminal of RAM 

anticipates time constants inherent in the system. Line 495F of the first portion and RAM 500F of the second 
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portion of data memory 60. The Data Four signal on any given time where, as indicated supra, the data sys- 

line 635 of data bus 610 is operative to be sent to data tern bos 170 is connected to the system bus terminus 50. 

input terminal of RAM 495C of the first portion and In the program memory 175 of FIG. 10, address line 

RAM 500C of the second portion of data memory 60. 165 from the system bus 50 are presented to Tri State 

The Data Five signal on line 640 ofbus 610 is sent tothe 5 Drivers 800 having their control lines 805 grounded for 

data input terminal of RAM 495Q of the first portion of continuous operation. Downst ream to said Tri-State 

data memory 60 and also to RAM 500O of the second Drivers 800, a biasing resistive network of 680 ohms is 

portion of data memory 60. The Data Six signal on line terminated along each of said lines with the opposite 

t^?!*^?"** 610 KW*ttothedata tcrminfll of end of the resistive network 810 being biased by a 5v 

RAM 495D of the first portion and to RAM 500D of 10 Slipp iy f or biasing of each of the address lines. The 

the second portion- rf data memory 60. The Data Seven address lines on address bus 166 are operative when 

signal on une650 ^of data bus 610 is sent to the data nym outputed by TS Drivers 800 to be sent in parallel to the 

tonunal of RAM 4 WH of thefirsl : portion and RAM respective downstream address input terminals "A" for 

500H of the second portion, and RAM 5001 of the sec- ^ RO Ms of 175 described infra. 

I S )rtl ^ f ^ , ♦ ,0x0/ r .1 15 Also, in the program memory 175 of FIG. 10, there 

A Read/Wnte enable input at terminal R/W of all m a lm ^^ of £*<n*y memory (ROM) units 720, 
RAMs in date memory 60» operative to receive a m ^ m 740 w 7W ?55 ^ ) & ^ m ?M 

2i£S^ tZl^t * 785, 790, and 795. Each of the ROMs mentioned supra 

depending on *e presence or absence thereof, respec- • a Modcl 8316A t addrcss teru ^ ls f A » 

tively, on line 295 from the CPU 40 output control line 20 f ^yJL ««« AO-Ai^ ««™» icnmniu* a 
for the reading writing. The chip enable terminal (CE) Vr ™5J i i£f ~ u r *t - 

for each ofthe RAMs of date memory 60 receives their J^A^l^ ^ 5f ^ * "EE 

respective inputs from the memory address decoder 57 Z LL^n t^.^ 

described supra. Signals on line 420 will enable RAMs ^ m f. Ut !f °° ■ te T^ 1 ^ff^^?^ 

495A^ located in the tot portion of date memory 60. A 23 which is the *™ as the address twelve (A12) is inputed 

signal on line 430 will enable RAMs 500A-H located in ™ UXU ^ f^J** **** Ji J IipttU5d to 
the second portion of data memory 60. A signal on line terminal CSjUsthe same as control line 715 from mem - 

440 will enable RAM 5001 of second portion of data 2* 57 f ^ tCT ^fi^ 3 fot ROMs 72 °' 
memory 60. Data output lines for the RAMs located in V*> ^iw"? 0 * 710 ^ memory addrcss 
the first and second portions of data memory 60 are 30 decode 57 for ROMs 740, 745, 750, and 755; control line 
separately outputed from the ,4 0" terminal of each of the 705 from mcmor y address decode 57 for ROMs 760, 
RAMs such that lines 655A indicate output data lines m ™* 775; and control line 700 from memory 
for the first portion and lines 655B indicate output data **dresa dtoode 57 for R0Ms T*°> 7W > ™>> and 795. 
lines for the second portion 500 of data memory 60 as ° utmit **** "°" originate from their respective ROMs 
outputed by the RAMs in memory 60. It should be 35 of memory 175 so as to parallelly terminate and merge 
noted that the division between the first portion having date hus lines 600 for ROMs 750, 725, 730, 735, 740, 
RAMs 495A-H and the second portion having RAMs 7i5 > 750 » 7M » and also to parallelly tenninate on 
500A-I of data memory 60 is arbitrary in that particular data bus lines 655 for ROMs 760, 765, 770, 775, 700, 785, 
components used having limited input-output capabili- 7W » and 795. The output date lines from the ROMs of 
ties may constrain the given design, but should not be 40 ^emory 175 after being terminated with the data bus 
construed as a limitation of the present invention as m** 38 and 655B, will proceed to the resistive net- 
conceived, works 665 for termination therewith, as mentioned su- 
From data memory 60, the first portion comprising P 1 *) for eventual distribution to the system bus terminus 
RAMs 495A-H is outputed on the data bus lines 655A 50 

representing first portion and the data bus lines 655B 45 address bus control 150 of the input-output 

representing second portion of data memory 60 to bias- processing module 90, as shown in FIG. 11 mentioned 

ing networks 665 and 670 respectively. Each of the ^pra, there is received address line AO0-AO8 repre- 

biasing networks 665 and 670 are terminated on each of sen ting the addressing a subset of address lines 05 from 

the data bus lines with a 10k ohm resistor, which is the CPU 40 of the CPUM 120. Each of the address lines 

terminated at its opposite end by a +5v for biasing its 50 AO0-AO8 inputs into its own respective HEX inverter 

respective data bus line. Downstream from the biasing 815 - Prior to inputing to said inverter 015, each of the 

resistive networks 665 and 670 are sets of Tri-State address lines AO0-AO5 is terminated by a correspond- 

Drivers 675 and 680 for the data bus lines 655A and ing address lines 145 from the DMA refresh apparatus 

655B respectively. 10. Signals on lines 160 from the DMA refresh address 

Control lines 480 and 490 from the memory address 55 hnes 145 will only enter their respective address lines on 

decode (57) described supra act to alternatively drive address bus 85 upon receipt of a control signal on line 

their respective sets of Tri-State Drivers 675 and 680 820 to Tri-State Drivers 825 acting as a buffer. Opera- 

respectively depending on which control line is pro- tion of such a control signal on line 820 will be ex- 

grammatically activated thereby enabling either the plained infra. Each of the address lines 86 subsequent to 

first or second portion of data memory 60. Tri-State 60 the output of inverters 815 is terminated collectively on 

Drivers 675 and 680 are operative to output on the sets lines 816 to a NAND gate 830 to output a signal on line 

of date bus lines 685 and 690 respectively. Each of the 835 to the function Decode unit 100 as will be explained 

data bus lines of set 685 are conventionally "OR** hard- infra. For address bus signals A0-A2, address lines 86 

wired (not shown) to their equivalent in set 690 to form are bifurcated to lines 831 to be received by inverters 

a single set of data bus lines 170 as received by system 63 832 for outputing negations thereof respectively on 

bus terminus 50. As such, either a signal from set 685 or lines 833 to IOIM 182 as described infra. Address bus 

690 will be present on any given line of the data bus line lines 86 from the Address Bus Control 150 are addition- 

170 representing merged data bus lines 685 and 690 at ally directed to output optical isolator module (OOIM) 
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200 to be outputed on lines 07 for accessing of auxiliary lines on terminals (U) and a second output on terminal 
ROM or RAM memory (not shown). (*2), corresponding to the second setof dats unput hues 

In the data bus control 190 of IOPM 90 as shown in on terminals (12). For multiplexer IMA., terminal (*l) 
FIO 12 data bus 180 from the CPUM 120 is received as outputs a line corresponding to data bus line 7 (D7), 
inputs on data zero through date seven (D0-D7) lines. 5 terminal *2 of multiplexer IMA outputs a signal corre- 
Converging indirectly on the data bus line 100 are data spending to data bus line (Em), terminal <pl of multi- 
lines 185 A H from the input optical isolator module 182 plexer 186B outputs a signal I correspondmg to data bus 
mentioned supra; data lines 192A-H from the non- line 5 (D5> and terminal (^2) of multiplexer 1MB out- 
volatile memory 191 mentioned supra, and the data lines puts a signal correspondmg to data bus line 4 (D4) 
188A-I from an interrupt module (not shown ). All of 10 where date bus lines D4-7 coUe^vdy are grouped as 
the supra data lines 188A-I, 185A-H, 192A-H being 193A Terminal (<pl) of multiplexer IMC outputs a 
inputed to a set of multiplexers 1MAD having Model signal corresponding to data bus hue 3 (D3), terminal 
No. 74153 being of a type which is a 4 to 1 dual multi- (<p2) of multiplexer IMC outputo asignal corresponding 
plexer operativf to direct one line of a parallel data set to data bus line 2 (D2), terminal (<M) of multiplexer 
hrto a serial data stream. Each of the multiplexers 186A- 15 186D outputs a signal corresponding to data bus line 1 
D have a first Select control on terminal "A" and a (Dl), and terminal <f>2 of multiplexer 1MD outputo a 
second Select control on terminal "B" inputs receiving signal correspondmg to data bus 0 (DO) where date bus 
signals on lines 850A and MOB respectively from the lines (D0-D3) collectively are grouped as 193B. 
Son decode module 100 described infra. Each of Buffers 194(A-B) in the data bus control 190 provuie 
the multiplexers have a strobe 1 input on terminal SI 20 a predetermi^ tatelung and 
and a strobe 2 input on terminal S2 where each is data bus hues 193A and B through the n^um of aj^ 
grounded for continuous strobe. Each of the multiplex- bidirectional shift register. Model 74194. Each of the 
ere 186A-D has a first set of four data inputs II and a shift registers 194A and B have a shift/left and shift/- 
second set of four data inputs 12. right mode input on terminals SI ^ M^espoctovdy. 

Received on the first set of four data inputs II of 25 which, when a signal is applied on lines 900 and 905 to 
multiplexer IMA, are data lines (D7) IMA from inter- both said terminals simultaneously, will provide a paral- 
rupt module (not shown) IMA from the input optical lei shift as required in the present case. Addittonally, 
isolator module (IOIM) 183, 192A from non-volatile each of the shift registers 194A and B is operate to be 
memory 191, and M0 from resistive network M5 having reset on terminal (MR) upon receiving signals from line 
common terminations with a resistor of 492 ohms +5v 30 910, and to be clocked on tenmnal (CLK) upon receiv- 
Dositively biased and a resistor of 2.2k ohms grounded. tag signals on line 915. Both of the shift registers 194A 
Received on the second set of four date inputs 12 of and B. after being reset on line 910 and upo« i having 
multiplexer 186A. are data lines (D6) 1MB from inter- simultaneous signals on select mode terminals SO and SI 
nipt 1MB from IOIM 182, 192B from non-volatile will proceed, after receiving a clock signal on i 915, to 
memory 191 and M0 again from biasing resistive net- 35 parallelly shift the input date on lines 193A and B into 
work 860. Received on the first set of four date inputs of terminals (I) and out through the shift register onto 
multiplexer 186B are date lines (D5) IMC from inter- output lines 195A and B on terminals (O), thereby giv- 
rupt IMC from IOIM 182, 192G from non-volatile tag a synced latched signal effect 
memory 191, and 1MD from interrupt Received on the To effect the rjarnUd stuft through inputs of buffer 
^nd set of four date inputs of multiplexer 1MB are 40 latches 194A-B and 197A-B, there ttr*ov*ed .quad, 2 
dau lines (D4) 1ME from interrupt 1MD from IOIM to 1 multiplexer 920 such as a Model 74157^Tbe en- 
182 192D from non-volatile memory 191 and IMF also abling input of multiplexer 920 is at terminal (E) where 
from interrupt it receives a grounded mput for a permanent on con- 

Received on the first set of four date inputs of multi- dition. The common selected input at terminal (S) is 
plexer 186C are date lines (D3) IMG from interrupt 45 received on line 925 from the functional decode 100 
1ME from IOIM 182, 192E from non-volatile memory which is used to always select a "1" mput as explained 
191 and also 1MH from interrupt. Received on the infra. Input terminals for the multiplexer 920 are catego- 
second set of four date inputs of multiplexer IMC are rized as paired "zero" inputs (0) and "one inputs (1) 
data lines (D2) 1M1 from interrupt, IMF from IOIM (Il-») where only "one" inputs (1) are used in the pres- 
182. 192F from non-volatile memory 191 and a biasing 50 ent embodiment. 

line 870 from a commonly terminated resistive network Terminal 1 for inputs ^11 and 12 receive common in- 
875 having a first resistive component of 492 ohms puts from line 935 of said functional decode 100. Termi- 
Dositively biased by + 5 v and a second resistive element nals 1 for inputs 13 and 14 receive common inputs from 
of2.2k ohms grounded. Received on the first set of four line 945 of said functional decode 100. A signal wdl 
date inputs of multiplexer 1MD are date lines pi) 1MJ 55 output on terminal +1 1 of multiplexer 920 on line 950 
from interrupt, 1MO from IOIM 182, 192G from non- whenever tenmnal 1 of mput II recei ves a signal on Ime 
volatile memory 191, and biasing line MO from resistive 935. A signal will output on twrninal fl of multiplexer 
network 8M having a pair of resistors commonly termi- 920 on line 9M whenever terminal 1 of mput 12 receives 
nated to said biasing line 8M with a first resistor of 492 a signal on line 935. A signal will output on terminal (j>3 
ohms positively biased by +5v and a second resistor of 60 of multiplexer 920 on line 960 whenever terminid 1 of 
2 2k ohms grounded. input 13 receives a signal on line 945. A signal will 

Received on the second set of four date inputs of output on terminal <j>4 of multiplexer 920 on line 965 
multiplexer 186D are date lines (DO) 1MK from inter- whenever terminal 1 of input 14 receives a signal on line 
nipt 187. 185H from matrix read 1M, 192H from non- 945. Lines 950 and 955 proceed in parallel to terminals 
volatile memory 191, and a biasing line 8M from supra- 65 SO and SI, respectively, of buffer latches 194A and B 
described resistive network MS. for providing the supr^mentioned parallel shift mode. 

Each of the multiplexers 1MA-D has a first output on Resistive network 970 of the data bus control 190 
terminal (<pl) corresponding to the first set of date input having common terminations with a grounded resistor 
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of 2.2k ohms and a resistor of 492 ohms having +Sv of ohm grounded resistor. Address line 9 on line 1115 of 
bias proceeds on line 979 from the common termination address bus 85 is inputed to AND gate 1120 which also 
to provide the supra-mentioned reset at terminal (MR) receives an input on line 1130 from resistive network 
of both buffer latches 194A and B. Line 220 from clock 1125 having common terminating resistors of a 30 5v 
45 provides a Phase 1 9 3mc clock pulse to terminal 5 biased resistance of 492 ohms and 2.2k ohms of 
(CLK) of both buffer latches 194A and B. Output lines grounded resistance. Upon concurrent input receipt 
195A and 195B from buffer latches 194A and B output thereof on AND gate 1120, an output signal is sent on 
terminals (4>) proceed to the supra-described Tri-State line 1132 which bifurcates off on line 850 A to the Select 
buffers 196 having a common control line 980 from A input terminal **A" of the multiplexers 186A-D en- 
functional decode 100. A false signal on control line 980 10 abling the first set of outputs thereon. Line 1105 bifur- 
will be had whenever CPUM 120 is outputing on data cates off onto line 850B to the B Select terminal "B" of 
bus 180. Outputs from the Tri-State buffers 196 are multiplexers 186A-D for enabling the second set of 
mergably terminated to the respective lines on the data outputs thereon. On line 1135, a reset signal from a 
bus 180 precedent to said downstream buffer latches control panel (not shown) may be sent to re-enable the 
197A and B. Buffer latches 197A and B are identical to 15 system to the beginning of a controller program run or 
buffer latches 194A and B in configuration insomuch as "0" address of a given sequence of instructions in the 
they also use Model 74194 shift register. Both buffer program memory 175 in the CPUM 120. Grounded 
latches 197A and B receive clock inputs to terminal capacitor 1140 is provided to eliminate transients that 
CLK from line 220. As indicated supra, buffer latches may occur through the receipt of spurious environmen- 
197A and B receive shift-left and right signals at termi- 20 tal noise on the lines. Signals on line 1035 thereafter 
rials SO and SI on lines 965 and 960 from multiplexer proceed to an inverter 1145 which outputs on line 1150 
920. Buffer latches 197A and B are reset on terminals to bifurcate first to an inverter 1155 on one leg and on 
(MR) on system reset line 985 from functional decode the other leg to line 1160. Inverter 1155 outputs on line 
100 and on line 975 from biasing resistive network 970 1165 which, subsequent to a double logical negation, 
having commonly terminated 495 ohm resistor +5v 25 provides the same signal as line 1135. Line 1160 pro- 
biased and 2.2k ohm resistor grounded respectively. At vides the simple logical negation of line 1135. 
input terminals "I" of buffer latch 197 A, there is re- A synchronizing signal on line 290 from the CPU 40 
ceived D0-D3 data lines on data bus 180, and at the is provided to inverter 1170 to be outputed on line 1175 
input terminals "I" of buffer latch 197B, there is re- where it is bifurcated on its secondary leg to line 1180 
ceived D4-D7 data lines also on data bus 180. On termi- 30 and on its primary leg to the input of a 4-bit bidtrec- 
nals "<f>" of both buffer latches 197A and B, there are tional shift register 1185, Model 74194, used here as a 
latchably outputed data bus lines D0-D7 on data bus D-type flip-flop. D-type flip-flop 1185 uses terminal D 
195A and B to the non-volatile memory 191 and fault for data input and terminal CLK as the clock input 
watch timer 105, and also through output optical isola- receiving a signal from the 2mc Phase 1, line 220, of 
tor module 200 on lines 193A to the Host machine 30. 33 clock 45. Terminal CLR of the D-type flip-flop 1185 is 
In the function decoder 100 for recognition and de- a clear input receiving a signal on line 1165 which is the 
code of addresses for functional activation as shown in master or system reset signal for the controller 20. Ter- 
FIG. 13, address line signals are received from the ad- minal Q outputs a signal on line 1190 which is a delayed 
dress bus control 150 as outputed from the inverter 815 version of the synchronization (SYNC) signal 290 from 
on the address bus 85. Specifically, a subset of the ad- 40 the CPU 40. This delayed SYNC signal is sent on ine 
dress bus lines 85, mainly A9-A15, are presented as lines 1190 to NAND gate 1195 which also receives an input 
985, 995, 1005, 1010, 1040, 1045, 1095 and 1115 respec- signal on line 1200 from the ready control apparatus 
tively to be decoded for use as control signals as de- 1090 described infra. 

scribed infra. Address line A15 on line 995 is presented Line 1190 also bifurcates onto line 1205 which pro- 

to AND gate 1000. Line 985 inputs also to AND gate 45 cecds directly also to the ready control apparatus 1190. 

1000 as a reset signal as will be seen infra. Address lines NAND gate 1195 upon concurrent receipt of true sig- 

A14 and A 13, 1005, 1010, respectively, from the address nals, outputs on line 1210 to the strobe 1G of terminal 

bus 85 input to AND gate 1015. Upon concurrent re- and the strobe 2G terminal inputs of the demultiplexer 

ceipt of true signals on AND gates 1000 and 1015, each 1215. Demultiplexer 1215 is used here as a decoder for 

will output on lines 1020, 1025, respectively, to AND 50 translation of addresses to control signals. Line 1210 

gate 1030, whereupon receipt of said same lines will also bifurcates onto line 1220 to be received by ready 

output on line 1035. Address lines A12 and All on line control apparatus 1090 for decode initiation control. 

1040 and 1045 of the address bus 85 are both polarity- Data 1C and data 2C terminals are the data inputs for 

reversed on inverters 1050 and 1055 to be outputed on the decoder 1215 as received on line 1225 from the 

lines 1060 and t065 f respectively, for inputing to AND 55 ready control apparatus 1090 which indicate that CPU 

gate 1070. 40 is in a ready state for memory read. 

AND gate 1070, upon concurrent receipt of inputs, is In the function decode 100, if the Select A terminal of 

operative to output on line 1075 to AND gate 1080, the decoder 1215 is selected by a signal on address line 

which also receives an input on line 1035 mentioned 1132 corresponding to address line 9 (A9), then output 

supra. Upon concurrent receipt of signals on AND gate €0 line set 1Y is activated thereon from terminals 1Y0, 

1080, output is made on line 1085 which is used in the 1Y1, 1Y2, and 1Y3 corresponding to lines 1230, 1235, 

ready module 1090 described infra to synchronize the 1240, and 1245 respectively. Outputs 2Y are selected 

"ready" signal received by the CPU 40. when the signal from 1105 corresponding to address 

Address line 10 on line 1095 of address bus 85 is in- line AO is received at terminal B. The 2Y outputs may 

puted to inverter 1100 which, in turn, outputs on line 65 be had from terminals 2Y0, 2Y1, 2Y2, and 2Y3 on lines 

1105 and is biased an output line 1105 by a resistive 1250, 1255, 1260, and 1265, respectively, 

network 1110 having common terminations in the net- Line 1240 from terminal 1Y2 proceeds to the ready 

work for a + 5v biased resistor of 492 ohms and a 2.2k delay 1270 for purposes of generating a ready control 
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signal for address outputing in the supra-mentioned vated. Inverters 1430, 1435, 1440, 1445 and 1450 upon 

OOIM 200. Terminal signals 2Y1 and 1Y1 on lines 1255 receiving their respective inputs are operative to output 

and 1235 proceed to NAND gate 1275 to output on line a polarity reversed signal on tines 1490, 1495, 1500 and 

1280 to ready delay 1270 upon concurrent receipt of the 1505 and 1510 respectively. 

input signals for generating a read-ready enabling signal 5 An AND gate 1515 is operative to receive inputs 

for non-volatile memory 191. Terminal signals 2Y3 and from the input-output address recognition signal from 

1Y3 on lines 1265 and 1245 will proceed to AND gate the main function decode circuit 100 on line 1085, and a 

1285 for outputing, upon concurrent receipt of said memory ready enable signal on the line 1495 from the 

input signals, on line 1290 which, in turn, inputs on line ready control 1090. Upon concurrent receipt of inputs 

1290 to OR gate 1295. OR gate 1295 will output on line 10 by AND gate 1515, an output on line 1520 will be had 

1300 upon alternative receipt of input signals from line to travel to a NAND gate 1525. NAND gate 1525 is 

1290 or line 835 from the address bus control 150. also operative to receive a power normal (PN) input on 

On demultiplexer 1305 here used as a decoder in a line 1530 through the DMA apparatus 10 from the infra 

manner identical to decoder 1215, line 1300 from OR PN generator 2105. An inverter 1535 is operative to 

gate 1295 will be enabled to input to terminals 516 and 15 receive the SYNC delay signal on line 1203 from the 

526 corresponding to strobe 1 and strobe 2, respec- function decode 100 and reverse polarity it to become 

tively, of decoder 1305 thereby enabling parallel opera- an output signal on 1540 to AND gate 1545. AND gate 

tion of the decoder. Line 1265 is operative to input to 1545 also is operative to receive the "DBJN" signal 

the data 1 and data 2 of terminals D1C and D2C respec- mentioned supra on line 1490 and upon concurrent 

tively. Terminals D1C and D2C are commonly con- 20 receipt of input signals, will output on line 1550 to said 

nected for immediate operation on either of both sets of NAND gate 1525. NAND gate 1525 upon concurrent 

outputs of said decoder 1305, as selected. Lines AO and receipt of all inputs, will output on line 980 a signal 

Al of the address bus 86 from the address bus control control to TS- Drivers 196 in the data bus control 150 

150 are used to select either terminal A and B of de- operative to disallow data input from multiplexers 

coder 1305 for outputing on either the 1Y or 2Y sets of 25 186A-D during DMA. Output lines 1495 and 1450 from 

outputs respectively. Upon selection of terminal B for inverters 1435 and 1440 also are operative to bifurcate 

2Y outputs, terminals 2Y1 and 2Y2 output on lines 1310 off to lines 1555 and 1360 as memory write and read 

and 1315 respectively. Decoded signals on line 1310 are enabling signals, respectively, to the ready delay 1270. 

operative to start the direct memory access operative in Lines 1495 and 1500 are primarily operative to input 

the module 10. Signals on line 1315 set the status of a 30 to OR gate 1560 which, upon alternative receipt 

watch dog timer circuit 105 thereby re-enabling it. thereof, will output on line 1565 to AND gate 1570. 

Upon concurrent receipt of the supra-described Line 1565 is also operative to bifurcate off to line 1360 
SYNC signal 1325 and a grounded signal on line 1330, to serve as alternative read or write enabling signals to 
an AND gate 1335 will output on line 1340 to a four-bit the function decode 100 per se. AND gate 1570 upon 
bidirectional shift register 1345. Shift register 1345 is 35 concurrent receipt of line 1565 and the input-output 
identical to shift register 1185 and is used here as a address recognition of line 1085 from the function de- 
D-type flip-flop. A 2mc Phase 1 clock signal on tine 220 code 100, will output on line 1575. Line 1575 also being 
is operative to be inputed to the clock input terminal operative to bifurcate off to line 1200 for control of 
CLK of shift register 1280. A clear signal on terminal SYNC signal line 1190 in the function decode 100. A 
(CLR) receives an input from the reset signal 1165 de- 40 NAND gate 1580 is operative to receive inputs on line 
scribed supra. Output for the flip-flop 1345 is made from 1575, the power normal line 1530 from DMA 10 men- 
terminal (< Q" which is operative to output on line 1350 tioned infra, and the ready enable line 1505 from in- 
to an AND gate 1355. Concurrent receipt of signals verter 1445. Upon concurrent receipts therefrom, 
from supra line 1350 and from the memory read-write NAND gate 1580 will output on line 1585 as a ready 
enabling signal on line 1360 from the ready control 45 control signal to a TS-Driver 1655 described infra, 
module 1090 will allow outputing on line 1365 as a data NAND gate 1590 is operative to receive inputs on line 
bus control derivative signal for ready control 1090. 1300 from the function decode indicating the presence 

In FIGS. 13A and 13B and 14, there is shown a ready of a control address to be decoded, line 1510 from in- 

control 1090 which is a subcircuit of the function de- verter 1450 indicating the presence of a delayed ready 

code 100 operative to generate timed control signals 50 signal, and line 1205 from function decode 100 indicat- 

indicating a date ready state to the function decode 100 ing a delayed SYNC signal Upon concurrent receipt 

itself and also to the data bus control 190 and the CPU therefrom, NAND gate 1590 will output on line 1595 to 

40. Inverters 1430, 1435, 1440, 1445 and 1450 are opera- OR gate 1600. Accordingly, OR gate 1600 will output 

tive to receive input signals "DBIN" on line 285 indicat- on line 1605 to AND gate 1610. In addition, inverter 

ing CPU 40 is ready to accept data, "MEMREAD" on 55 1615 is operative to receive a SYNC input on line 1180 

line 377 indicating a CPU 40 Read State, "MEM- from function decode 100 for output of a polarity in- 

WRITE" on line 373, indicating a CPU 40 write state, verse signal on line 1620 also to AND gate 1610. 

"READYENB" on line 387 indicating a CPU 40 ready Upon concurrent receipt therefrom, NAND gate 

state has been enabled, and "DELRDY" signal on line 1610 outputs on line 1625 to a shift register 1630 used 

1455 indicating a timed ready delay state from the ready 60 here as a D-type flip-flop, flip-flop 1630 being a bidirec- 

delay module 1270 respectively. Inverters 1430 and tional shift register Model 74194. Flip-flop 1630 is oper- 

1435 for DBIN and MEMREAD are also operative to ative to have a clock input received at terminal CLK on 

receive DMA suppression inputs on lines 1460 and 1465 line 220, which is a Phase 1, 2mc signal, and a clear reset 

from Tri-State Drivers 1470 and 1475 respectively. signal at terminal CLR on line 1165 from the function 

Tri-State Drivers 1470 and 1475 each being operative to 65 decode 100. Upon receipt of an enabling signal on line 

have grounded inputs on line 1480 and a control line 1625 at its input at terminal "D", the flip-flop 1630 will 

1485 from the direct memory access (DMA) module 10 be delayably set as a latch at clock time 1630 to output 

for indicating that the DMA operation has been acti- at terminal "Q" a ready signal on line 1635 to inverter 
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1640. Line 1635 is also operative to bifurcate to line from line 1785 and memory write signal line 1555 from 
1645 to input to supra OR gate 1600. Upon receipt of a the ready control sub-module 1090. Line 1806 is 
signal from flip-flop 1630, inverter 1640 will output on adapted to proceed to the OR gate 815 which, in turn, 
line 1650 to supra-mentioned Tri-State Driver 1655. outputs on line 1820 as a reset enable signal to the non- 
Tri-State Driver 1655 is operative to receive a control 5 volatile memory 191. OR gate 1815 is further adapted to 
signal from line 1585 emulating from NAND gate 1580. receive a start non-volatile memory signal input on line 
Upon being so enabled, Tri-State Driver 1655 will out- 1280 from function decode 100. AND gate 1800 upon 
put on line 384 as the ready signal to CPU 40. Line 1595 concurrent receipt of signals from supra line 1785 and 
from NAND gate 1590 is positioned to be bifurcated off line 1795 will output on line 1825 to OR gate 1830. Or 
on line 1660 to OR gate 1665. When OR gate 1665 10 gate 1830 will then output on line 1455 as a delay ready 
alternatively receives a signal from either line 1660 or a signal to supra ready control sub-module 1090. OR gate 
delayed SYNC signal on line 1205, it will output on line 1830 is also further adapted to alternatively receive an 
935 to the data bus control 150 as an input signal to input from line 1780 from the latched output of the 
multiplexer 920. supra D-type flip-flop 1770. NAND gate 1835 is opera- 
Inverter 1670 is operative to receive a derivative of IS tive to receive inputs on line 1840 from AND gate 1810, 
the delayed SYNC signal from the function decode 100 and line 1794 from inverter 1790. AND gate 1835 upon 
on line 1220 for polarity-reversed output on line 1615 to concurrent receipt of inputs, will proceed to output on 
AND gate 1680. AND gate 1680, upon concurrent line 1845 to the non-volatile memory 191. 
receipt of signals from supra line 1675 and supra mem- In the Direct Memory Access (DMA) Apparatus 10 
ory write signal line 1555, will output a logical true 20 of FIG. 16, a start-refresh signal is supplied on line 1310 
signal on line 1685 to OR gate 1690. OR gate 1690 is from the function decode 100 and is operative to input 
operative, in turn, to output a signal on line 1695 upon to inverter 2505. Inverter 2505 in turn outputs a polari- 
alternative receipt of a signal either from supra line 1685 ty-reversed signal on line 2510 to OR gate 2515. Signals 
or a latch counter signal on line 1700 from the intra- from 2510 are operative to pass through OR gate 2515 
described toggle D-type flip-flop 2595 in DMA 10 at a 25 to be outputed on line 2520 to a shift register 2525 acting 
lmc rate. OR gate 1705 is operative to receive, altema- as a D-type flip-flop. Shift register 2525 is a 4-bit, bidi- 
tively, signals on supra line 1695 or a memory read/- rectional shift register, Model 74194. A Hold-Ackn owl- 
write signal that has been delayed SYNC on line 1365 edge signal from the CPUM 120 is sent via line 475 to an 
from function decode 100 for outputing on line 1710 as inverter 2530. Inverter 2530, in turn, outputs a polarity- 
input to multiplexer 920 in the data bus control 150. 30 reversed signal on line 2535 to an AND gate 2540. 

An additional subcircuit of the main function decode AND gate 2540, upon concurrent receipt of signals on 

circuit 10 is the ready delay module 1270 as shown in line 2535 and also line 2545, as will be described infra, 

FIGS. 13 and 15 for providing delayed versions of the will output on line 2550 to a shift register 2555. Said 

ready for providing a delayed subset of several of the shift register 2550 is identical to shift register 2525 and 

function decode 100 and ready control 1090 signals to 35 is also operative to act as a D-type flip-flop. OR gate 

the non-volatile memory 191 and OOIM 200. Inverter 2560 is operative to receive a hold initiation signal on 

1715 is adapted to receive a start matrix read signal from line 106 from the watchdog timer 105 for passage there- 

the function decode 100 on line 1240 for the matrix read through to output line 2565. Inverter 2570, upon receipt 

module (not shown) for outputing in a reversed polarity of signals from line 2565, will output on line 2575 to 

manner on line 1720 to OR gate 1725 and also on line 40 AND gate 2580. AND gate 2580 is operative, upon 

1730 to OR gate 1735. OR gate 1735 also being adapted concurrent receipt of signals from line 2575 and from 

to receive a start non-volatile memory signal input from line 1310 from function decode 100, to output on line 

function decode 100 on line 1280. Upon alternative 2585 to a flip-flop 2590 where said flip-flop is a dual-D- 

receipt at either of their inputs, OR gates 1725 and 1735 type flip-flop, Model 74H74. A shift register 2595, iden- 

are adapted to output on lines 1740 and 1745 respec- 45 tical to supra shift register 2525 is used here as a D-type 

tively. Or gate 1750 is functionally operative to receive flip-flop to be operatively clocked by a 2mc, Phase 1 

a signal from line 1745 and throughput it onto line 1755. signal on tine 220 at terminal CLK. The clear signal at 

OR gate 1725 and 1750 also receive inputs on lines 1760 terminal CLR for this D-type flip-flop is received on 

and 1765 respectively. Lines 1740 and 1755 are each line 2605 from a resistive network 2600. Said resistive 

received through their respective input terminal "D" on 30 network 2600 has a pair of commonly terminated rests- 

a pair of identical 4-bit directional shift registers 1770 tors as to line 2605 with the first resistor of 492 ohms 

and 1775, each being Model 740194 here used as a D- being positively biased by +5v and the second resistor 

type flip-flop. Each of the flip-flops 1770 and 1775 are of 2.5k ohms being grounded.D-type flip-flop 2595 is 

clocked at tenninal CLK by a 2mc, Phase 1 signal on operative to output from terminal Q on line 2610 to an 

line 220, and reset cleared at terminal CLR by a master 55 inverter 2615. Said inverter is operative to give a polari- 

system reset signal from the main function decode cir- ty -reversed signal on line 2620 which feeds back to the 

cuit 100 on line 985. The flip-flops 1770 and 1775 act to input tenninal D of flip-flop 2595. Inverter 2615, as 

latchably set data as outputed from terminal "Q" on outputed on line 2620, also bifurcates to line 2625 as an 

lines 1780 and 1785 respectively. Line 1780 and 1785 are input to an OR gate 2630. OR gate 2630, in turn, outputs 

adapted to bifurcate to lines 1760 and 1765 to OR gates 60 on line 2635 to an AND gate 2640. The AND gate 2640 

1725 and 1750 respectively. is operative, upon concurrent receipt of signals from 

Line 1780 is also adapted to proceed to inverter 1790 lines 2635 and 2645, to output on line 2650 to a shift 

which, upon receipt, will output a polarity-reversed register 2655 acting as a D-type flip-flop — flip-flop 2655 

signal on line 1795 to OOIM 200 and also input to AND being identical to supra-described shift register 2525. 

gate 1800. Line 1785 is adapted to also proceed to AND 65 Output signals of the flip-flop 2655 are directed on line 

gate 1805, AND gate 1810, and AND gate 1800 all 2660 to diverge off as line 104 to the watch dog timer 

mentioned supra. AND gate 1805 is also operative to 105 and the OOIM 200 as an indication of a normal 

output on line 1800, upon concurrent receipt of signals DMA operation occurrence. 
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Line 2660 also bifurcates on line 2665 to be one of the Identical shift registers acting as D-type flip-flops 
alternative inputs to the OR gate 2630, mentioned supra 2525, 2555, 2655, 2595 all have identical resistive net- 
Flip-flops 2525, 2555, and 2655 are all operative to have works 2527, 2557, 2657, and 2600 biasing on lines 2526, 
their clear signals at terminal CLR generated on master 2556, 2656, 2605 both shift-left and right terminals SO 
system reset line 1165 from the function decode 100 5 and SI, respectively, for parallel shift operation. Each 
described supra. Flip-flops 2590, 2555, and 2655 also are of the resistive networks 2525, 2555, 2655, and 2595 
adapted to be clocked at terminal CLK by the supra have a commonly terminated first resistor of 492 ohms 
2mc, Phase 2 signal on line 230. Flip-flop 2525 is further biased by a + 5 v and a second resistor of 2.2k ohms 
operative to be clocked by the supra Phase 1 signal of grounded. 

2mc on line 220. Additionally, flip-flop 2525 is operative 10 Terminal presets (A-D) and preset (C) of counters 

to output from terminal Q on line 2545 to the input of 27 05 and 2710, respectively, are all grounded for low 

AND gate 2540, as mentioned supra. Line 2545 also is or "zero" initialization. Terminal presets (A) and 

operative to bifurcate on line 2550 to an AND gate (P) of counter 2710 are adapted to receive a biasing 

2670. AND gate 2670 is also operative to receive an end Ngnal on line 2730 from supra-described resiBtive net- 

of refresh signal on line 2675 as will be described infra. 15 work 2740 for high input or "one" initialization. Addi- 

Upon concurrent receipt of said input signals, AND tonally, preset terminal B may receive a signal on une 

gate 2670 will output on line 2680 to OR gate 2515, as 2745 . wh ** ^ nonnaUy be biased by a commonly 

mentioned supra, line 2545 further bifurcates on line ^jated resistive network 2750 having a first resistor 

2685 to supra-mentioned OR gate 2560. ^ n f^ 92 k ohms buw * b ? a + 5 V V "J* 8CC ° nd fCSlSt0r ° f 

D-type flip-flop 2595, as described supra, outputs on 20 2.2k ohms grounded for ^V^^ ^Z^ 

line 26l£ buTis also operative to trifurcate on line 2690 f ^ * !?L ^ " J^** 

to an AND gate 2695 and on line 2612 to the OOIM ^?^ ly tflmc 2745 "VfJ?^**' ^ 

xvi mm ' „ „:_„i *v™ 4 K- a 56-byte direct memory access (DMA) read operation 

f^flnfi^n^ wodd be accordingly selected. It twill also be iioted that 

flip-flop 2555 on line 2645 as alluded to above. Upon ^ Bwit ching ground for 56^byte operation on line 2745 

concurrent receipt from signals on lines 2690 and 2645, . 7 v " - v *y : * ^ 

VvirT . rr\ r ^?nn » »V tl7 » not shown, but may be hardwired within the Host 

AND gate 2595 will output on line 1700 to the ready ^^linc 30 itself 

control sub-imxlule 1090 ^ Purposes of assuming con- ^ <M Parallcl (CEP ) input for counter 

trol of the data bus contwl lM during^ duect mem- ^ fa to ^^on 2725 from 

ory access operation. A N AND gate 2700 is operative 3Q 8upra Detwork 2735, thereby being continuously biased 

to receive inputs from line 2645 as received from u- Qn A Xeiminal TC output on counter 2705 as 

type flip-flop 2555, and also from IfceMlO as outputed on ^ ^ ^ whcn mpaX * ^ 

by the PN generator sub-circuit 2105 in non-yokhle count< nabIe parallel input tenninal for counter 2710, 

memory 191. Upon concurrent receipt of signals from thereby allowing counter 2705 to enable counter 2710 

2116 and 2645, NAND gate 2700 is operative to output w upott completing a desired predetermined count. In lieu 

on line 1485 to the ready control 1090 as psuedo of a clock pttbc phase 1 of 2mc on line 220, an output 

"DBIN" and memory read signals as described above. from terminal QA of counter 2705 may be used to clock 

Line 1485 is also operative to bifurcate to line 820 counter 2710 for the first count of a DMA operation, 

which is inputed to the address bus control sub-circuit thereby allowing simultaneous synchronization of said 

150. PN signal on line 2160, as outputed by PN genera- ^ counters 2705 and 2710. Output terminals QB, QC and 

tor 2105 and as received by the DMA apparatus 10, is qd G f counter 2705 and output terminals QA, QB and 

also outputed as line 1530 to the ready control sub- qq of counter 2710 correspond to refresh addresses 

module 1090 for purposes of assuming control of the A0-A5 collectively known hereafter as lines 145 for 

address bus control 150 during the DMA operation. output to the address bus control 150. The QD output of 

Provided in the DMA apparatus 10 for generating 45 counter 2710 is used as an end of DMA refresh signal on 

addresses for the DMA refresh operation are a pair of ^ 2675 as inputed to the AND gate 2670 mentioned 

identical binary counters 2705 and 2710 that are serially supra. 

connected. Each of the supra-mentioned binary count- Providing voltage regulation for the non-volatile 

ers is a 4-bit, high-speed synchronous binary counter, memory 191 is a sub-circuit thereof 1845 as shown in 

Model 74161. In addition, each of the counters 2705 and 50 FIGS. 17 and 18 which receives d.c. voltage from a 

2710 has its master reset signal received at tenninal MR bulk power supply source (not shown) in the Host ma- 

on line 2715 from a resistive network 2720. Said resis- chine 30. Particularly, a 17-volt d.c. supply from the 

tiv e network 2715 comprises a pair of commonly tenni- bulk power supply source (not shown) on line 1855 is 

nated resistors with said first resistor of 492 ohms being provided to a voltage regulator module 1860, Model 

positively biased by a +5 v and the second resistor of 55 723C, which is an adjustable positive precision voltage 

2.2k ohms being grounded. Both counters 2705 and regulator. Accordingly, line 1855 provides bias to the 

2710 receive a clock input at tenninal CLK from line positive voltage tenninal v+ and the collector voltage 

220 comprising a 2mc, Phase 1 clock signal. Parallel terminal VC of the voltage regulator module 1860. A 

enable terminal PE inputs for both counters 2705 and 9-volt d.c. power line on 1865 is provided from the bulk 

2710 are received from line 2660 as outputed by D-type 60 power supply source (also not shown) through a diode 

flip-flop 2655 mentioned supra. Both count enable gate 1870 and onto a line 1875 to the current sense 

trickle (CET) input terminals for the counters 2705 and terminal "CS" of the voltage regulator 1860. Line 1855 

2710 are received on lines 2725 and 2730 on resistive also bifurcates to a dropping resistor 1880 of 562 ohms 

networks 2735 and 2740 respectively. Each resistive and from there on line 1885 to a grounded clamping 

network 2725 and 2730 has a pair of commonly tenni- 65 diode 1890, Model 1N5530C. 

nated resistors, the first resistor being a 492 ohm resistor Line 1885 also bifurcates to a dropping resistor 1895 

with + 5v bias and a second resistor of 2.2k ohms being of 9S3 ohms to continue on line 1900 to a dropping 

grounded. resistor 1905 of 8B7 ohms. Resistor 1905 outputs on line 
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1910 to be commonly terminated with a grounded drop- resistor 2085 having 75 ohms is disposed to interposably 

ping resistor 1915 of 2.94k ohms and also to a grounded connect the emitter of the transistor 2020 to line 2075 

bypass capacitor 1920 having 0.0015 microfarads. Line also. The emitter of the transistor 2020 is disposed to be 

1910 inputs to current limit terminal "CL" and non- connected to the base of the transistor 2045 on line 2090. 
inverting terminal input "NINV" of voltage regulator 5 The emitter of the transistor 2045 is also further dis- 

1860. Interposed between capacitor 1920 and its ground posed to be connected on line 2095 to line 2075. A 

is a commonly terminated line 1925 inputing to the grounded bypass capacitor 2100 having 3.3uf grounded 

negative bias input terminal V- of the voltage regula- is disposed to be connected at its opposite end also to 

tor I860. Interposed between the resistors 1895 and line 2075. On line 1855, a grounded bypass capacitor 
resistor 1905 is a line 1930 having common terminations 10 2105 of 2.7uf for noise surpression is provided to com- 

with a grounded clamping diode 1935, Model 1N4577 monly terminate to said line. 

and a dropping resistor 1940 having 680 ohms. Disposed An additional sub-circuit of non-volatile memory 191 
at the opposite end of the resistor 1940 is a grounded is the power normal (PN) generator 2105 of FIGS. 17 
coupling capacitor 1945 having 0.0015 microfarads. and 19, which is adapted to receive a 9- volt d.c. power 
Interposively terminated between the resistor 1940 and 15 supply signal from the voltage regulator 1845 on line 
the capacitor 1945 is a line 1950 inputing to the non- 1865 described supra. Said line 1865 bifurcates to a pair 
inverting input terminal NINV of the voltage regulator of dropping resistors 2110 and 2115 of 10k ohms and 
1955. Terminally interposed between the capacitor 1945 3.3k ohms respectively. The PN generator sub-circuit 
and its ground is a line 1960 inputing to the negative 2105 also is operative to receive a delayed latchable 
bias, terminal "K" input of the voltage regulator 1955. 20 negated power normal signal from the non-volatile 
Line 1855 is also disposed to input to a positive bias memory's main circuit 191 described infra on line 2120 
terminal V + of the voltage regulator 1955 on line 1965. as received by a diode gate 2125. Diode gate 2125 out- 
Line 1855 is further disposed to connect with a drop- puts on line 2150 to the base of a switching NPN transis- 
ping resistor 1970 of 100 ohms, which in turn connects tor 2135, Model 2N2369A. Interposed between the 
on line 1975 to the terminal collector bias input VC of 25 diode gate 2125 and the base of the switching transistor 
the voltage regulator 1955. Line 1855 is additionally 2135 on line 2130 is the connecting dropping resistor 
disposed to connect with a switching PNP transistor 2110. Switching transistor 2135 is connected through its 
1980, Model 2N3467, at its emitter input Transistor collector to the dropping resistor 2125 and through its 
1980 further being disposed to receive at its base input emitter to a diode gate 2140. Diode gate 2140 outputs on 
the line 1975 which is common to VC of the voltage 30 line 2145 to grounded dropping bias resistor 2150 hav- 
regulator 1955 and the dropping resistor 1970. Received ing lk ohms and also to the base of NPN switching 
at transistor 1980>s collector input on a line 1985 are transistor 2155, Model 2N2369A. Switching transistor 
regulated power signals from the voltage output termi- 2155 is adapted to have its emitter grounded and its 
nal VOUT of the voltage regulator 1955. collector outputing a power normal (PN) signal on line 

Inverting input, terminal INV, of the voltage regula- 35 2160 to the non-volatile memory's main circuit 191. 
tor 1955 b operative to be connected to frequency com- A further sub-circuit of non- volatile memory 191 is 
pensation terminal COMP via line 1990 through cou- the Battery Power Normal (BPN) receiver sub-circuit 
pling capacitor 1995 having O.Oluf and then on to line 2165 of FIGS. 17 and 20. The BPN receiver sub-circuit 
2000. Line 1990 is also disposed to commonly terminate 2165 is adapted to receive, on a pair of input lines 2170 
with resistor 2005 with grounded dropping resistor 2005 40 and 2175, an input power normal signal from the bulk 
having 1740 ohms and also to dropping resistor 2010 power supply (not shown) in the Host machine 30 indi- 
having 1130 ohms. Resistor 2010 being disposed to eating that the power condition is within limits relative 
terminate at its opposite end with line 1985 mentioned to a predetermined norm at any given time. Said lines 
supra. Line 1985 is further commonly terminated by 2170 and 2175 are operative to input to a pair of drop- 
grounded bypass capacitor 2015 having 2.2uf. Line 1985 45 ping resistors 2180 and 2185 of 75 ohms each, respec- 
serves as a 10 v.d.c. source for an infra VBATT circuit tively. These dropping resistors 2180 and 2185 in turn 
227. Line 1865 is disposed to input to the collector of a output on lines 2190 and 2195 to the anode and cathode 
switching NPN transistor 2020, Model 2N3725, for inputs of terminals II and 12, respectively, of an optical 
biasing purposes. A line 2025 proceeds from voltage-out coupler 2200, Model HP 5082-4361. Said coupler 2200 
terminal VOUT of the voltage regulator 1860 to a drop- 50 is a high CMR, high-speed optically coupled gate; the 
ping resistor 2030 of 100 ohms on line 2028 and from function of coupler 2200 being to eliminate noise tran- 
thereon line 2035 to the base of the transistor 2020. Line sients from the Host machine 30. Lines 2190 and 2195 
1865 further being disposed to terminate with a are cross-connected by a buffer capacitor 2205 of 
grounded bypass capacitor 2040 having 2.7uf, and also O.Oluf. Also in parallel to said buffer capacitor 2205 is a 
to a switching NPN transistor 2045 at its collector, 55 clamping diode 2210. Bias of +5 v.d.c. for the optical 
Model 2N3772. Line 1864 subsequent to the grounded coupler 2200 is provided by line 2075 from the voltage 
capacitor 2040 proceeds as a 9 v.d.c. source to the infra regulator 1845 described supra on supply voltage termi- 
power normal (PN) generator 2105. Voltage regulator nal VC A ground reference for the optical coupler 
1860 is also operative to output at frequency compensa- 2200 is provided at terminal OND on line 2215. A 
tion terminal COMP on line 2050 to coupling capacitor 60 grounded bypass capacitor 2220 having O.Oluf is pro 
2055 having 0.47uf and from there on line 2060 to the vided for diminqring transients on line 2075. Optical 
inverting input terminal INV of voltage regulator 1860. coupler 2200 outputs on terminal VD on line 2225 
Interposed between the terminal INV and the capacitor where line 2225 is operative to input to the emitter of a 
2055 is a line 2065 to a dropping resistor 2070 having switching transistor 2235 which is a NPN, Model 
680 ohms, which in turn outputs on line 2075 as a +3v 65 2N22I9A. Line 2230 from the enable input* voltage 
d.c. to an infra BPN generator 2165. A dropping resis- terminal VE of the coupler 2200 is operative to receive 
tor 2080 having lk ohms is disposed to interposably bias from a pair of commonly terminated resistors form- 
terminate between lines 2035 and 2075. A dropping ing a resistive network 2240, the first resistor having 492 
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ohms biased at its opposite end by +5v and a second 2380 which is identical to NAND gale 2345. NAND 
resistor of 2.2k ohms grounded at its opposite end. Line gate 2380 is also operative to receive a power supply 
2075 also is adapted to input to dropping resistor 2245 of signal of 10 v.d.c. from line 2305 mentioned supra. A 
3k ohms which, in turn, outputs on line 2250 where line chip-enable (CE) signal from the ready delay sub-circuit 
2250 is used to bias the base of the switching transistor 3 1270 is received on line 1840 for inputing to Hex buffer 
2235. A negated power normal (PN) control line 2255, 2395, Model 7417, which will in turn output on line 
as outputed to the non-volatile memory circuit 191 2400 to the NAND gate 2380. NAND gate 2380 is 
described infra, is received from a pair of commonly operative to output, upon concurrent receipt of the 
terminated lines where the first termination is from a inputs, to inverter 2385 which will in turn output on line 
biasing dropping resistor 2260 of 2k ohms and the sec- 10 2390 to one of the input terminals of NAND gate 2370. 
ond termination is the collector of the switching transis- Cross-connected NAND gates 2345 and 2350, which 
tor 2235. may act as a latch during abnormal power, are operative 

Included in the non- volatile memory 191 as a further to output on line 2405 as an input to NAND gate 2370. 
sub-circuit is the Voltage Battery (VBATT) sub-circuit Said NAND gate 2345 and 2350 also are operative to 
2270 of FIGS. 17 and 21 operative to function as a IS bifurcatably output to line 2410 to Tri-State Driver 
stand-alone power supply driven by a conventional 2415 which, in turn, outputs as a negated delayed latch- 
rechargable 10 v.d.c. battery (not shown) in a failed able version of the supra power normal signal on line 
power normal line voltage environment. Normal d.c. 2120 to the PN generator sub-circuit 2105. NAND gate 
voltage of 10 volts is supplied from the voltage regula- 2370 is operative upon concurrent input receipt to out- 
tor 1845 on line 1985 through diode gate 2275 to output 20 put on line 2420 to a Tri-State Driver 2425 which, in 
on line 2280 to the non-volatile memory main circuit turn, outputs to a second Tri-State Driver 2430. Driver 
191. Line 2280 is also operative to have terminated 2430 is operative to output on line 2435 as the chip-ena- 
thereto a tuned circuit for smoothing out ripple com- ble (CE) signal for the non-volatile memory as will be 
prising a grounded resistor 2285 having 10k ohms and a seen infra. A read-enabling signal from the ready delay 
grounded capacitor 2290 of 0.0 luf. Line 1985 is opera- 25 sub-circuit 1270 on line 1806 is inputed to a buffer 2440, 
tive also to bifurcate to line 2295 to diode gate 2300, which in turn outputs on line 2445 to a Tri-State Driver 
which, in turn, outputs through line 2304 on line 2305 to 2450. Tri-State Driver 2450 is operative to output on 
the non-volatile main circuit 191 also. Beyond the ter- line 2455 as a read-write (R/W) enable signal for the 
minus of line 2325 with line 2304 is a grounded bypass non-volatile memory 191 as will be seen infra. NAND 
capacitor 2330 of 0. luf. The rechargeable battery, men- 30 gate 2380, Tri-State Driver 2385, Tri-State Driver 2450, 
tioned supra (not shown), has its connecting negative Tri-State Driver 2425, Tri-State Driver 2415, and 
terminal V-connected to line 2235 to ground and its power input terminal VS of infra RAMs 2480A-H are 
connective positive terminal V+ received on line 2240 also operative to receive bias signals on their control 
to interpose between diode gates 2315 and 2320 at a lines from line 2305 having a 10 v.d.c. signal in a manner 
common terminus. As wifl be detailed infra, the rechar- 35 similar, as mentioned for NAND gates 2370, 2345, and 
gable battery (not shown) is operative to serve in lieu of 2350 supra. Battery bias on line 2305 is for purposes of 
the bias source on line 1985 in a power-down situation. receiving sufficient power to save current data in the 
As such, an alternate limited power supply is available non-volatile memory in a power-down condition as will 
to the non-volatile memory 191 for a predetermined be detailed infra. A separate biasing signal of 10 v.d.c. 
finite period for processing the current access instruc- 40 from the VBATT sub-circuit 2770 is supplied on line 
tion and also saving the contents of NVM 191. 2280 to each of the data bus lines 195A-B to each of the 

In the non-volatile memory 191 of FIG. 17 character- address bus lines 86, and to the supra-mentioned signal 
ized here as the circuit, the negated power normal lines 1806 and 1845 through a drop resistor 2460A-T of 
signal on line 2265 from the BPN receiver 2165 is re- 2k ohms. 

ceived by a NAND gate 2345 which is a quad CMOS 45 Furthermore, during a power outage, bias line 2280 
NAND gate, Model 4011 A. NAND gate 2345 being will go down while bias line 2305 will remain up for 
cross-connected with NAND gate 2350 to provide a powering infra RAMs in non-volatile memory 191 as 
latch when needed as part of the protection circuit for will be detailed infra. Precedent to receiving biasing 
the non-volatile memory 191 where NAND gate 2350 is signals through biasing resistors 2400A-Q each of the 
identical to 2345 latch gates 2345 and 2350 being pro- 50 data bus lines 195A-B and address bus lines 86 input to 
vided for processing the current access in a line power an inverter 2465A-Q which, in turn, output a polarity 
going-down situation. revised signal on each of the respective output lines 

Negated power normal signals on line 2265 are re- where said output lines are 2470 for the data bus lines 
ceived at the input terminal of NAND gate 2345. A 195A-B and lines 2475 for the address lines 86. It will be 
reset enable signal from ready delay sub-circuit 1290 is 55 noted that lines 2445, 2400, 2375, and 2365 likewise are 
received on line 1820 to inverter 2355 which, in turn, biased through 2k ohm resistors 2460R-V. The DO line 
outputs to inverter 2360 where said inverter 2355 and of the data bus 2470 proceeds to input terminal Dl of 
2360 collectively buffer said signals from line 1820. random access memory (RAM) 2480A which is a 
Inverter 2360 is operative to output on line 2365 to one Model S2222 static RAM. Dl of data bus 2470 proceeds 
of the input terminals of the NAND gate 2350. A 10 60 to the input terminal Dl or RAM 2480B, D2of data bus 
v.d.c. power signal is received on line 2305 from the 2470 proceeds to the input terminal Dl of RAM 2480C, 
VBATT sub-circuit 2270 for inputing as a control bias D3 of data bus 2470 proceeds to the input terminal Dl 
for NAND gates 2345, 2350, and 2370. It will be noted of RAM 2480D, D4 of data bus 2470 proceeds to the 
that NAND gate 2370 is identical to NAND gate 2345. input terminal Dl of RAM 2480R, D5 of data bus 2470 
A continuous signal for enabling non-volatile memory 65 proceeds to the input terminal Dl of RAM 2480F, D6 
from a switch (not shown) is received whenever non- of data bus 2470 proceeds to the input terminal Dl of 
volatile memory 191 is desired to be in service on line RAM 2480O, and D7 of data bus 2470 proceeds to the 
2375. Signals on line 2375 are inputed to NAND gate input terminal Dl of RAM 2480H. Address lines 
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A0-A8 of address bus 2475 proceed in parallel to each switch (not shown) for inputing an AND gate 3000. 
of the RAMs 2480 A -H as address line inputs to tenni- Line 2995 is biased by a resistive network 3005 identical 
rials AO- Ad. Line 2455 from inverter Tri-State Driver to network 2920 described supra. Upon concurrent 
2450, mentioned supra, proceeds to each of the read- receipt of inputs by AND gate 3000 from control panel 
write (R/W) input terminals of each of the RAMs 5 line 2995 and system reset line 1165, both supra de- 
2480A-H. Line 2435 from Tri-State Driver 2430, men- scribed, a signal will be outputed as a result thereof on 
tioned supra, proceeds to each of the chip-enable (CE) line 2010 to inverter 3015. Inverter 3015 will accord- 
input terminals of each of the RAMs 2480A-H. Data ingly output a polarity-reversed signal on line 3020 to 
bus outputs on lines 2495 from each of the output tenni- supra-described OR gate 2980 whereupon the signal 
nals DO of RAMs 2480A-H to data lines D0-D7 respec- 10 will be processed subsequently in a manner already 
tively. Biasing each of the data bus lines 2405 is a +5v described. 

biased 10k ohms resistor for each of said lines where Binary counter 2900 will be normally reset if there is 

said resistive network is 2490A-H respectively. Tri- an absence of fault in the system by receipt of a signal by 

State Drivers serving as buffers 2495A-H receive their OR gate 3025 on supra-described line 104 indicating 

continuous bias signal on control line 2500 from a +5v 15 that a normal condition of a direct memory access is 

supply (not shown) enabling them to output on data bus currently being performed in apparatus 10. OR gate 

lines 192A-H corresponding to data lines D0-D7 re- 3025 also is operative to receive on grounded line 3030 

spec tively. a non-functional and non-activating continuous false 

The fault watch timer or watch dog timer (WDT) signal. OR gate 3025, upon receipt of a true input on line 
module 105 in the 10PM 90 of FIG. 24 is a diagnostic 20 2660, will send a signal on line 3030 to OR gate 3035 for 
device for periodically monitoring the operation of the outputing on line 3040. line 3040, in turn, is operative 
direct memory access apparatus 10 for indications of to activate OR gate 3045 to output a reset signal on 
controller 20 failure or programming error as evidenced supra-described line 2915 to binary counter 2900. Alter- 
in the CPU's 40 functional reading of programming nately, an abnormal reset for counter 2900 may be acti- 
memory 175. The timer for module 105 comprises a 25 vated as desired by a control panel switch (not shown) 
binary counter 2900 operative to receive a clock signal through line 3050. Supra line 3050 is operative to have 
of 154kc on 2905 from a source (not shown) at terminal bias provided by a resistive network 3055 identical to 
"CLK". The binary counter is a Model 4020A having the above network 2920. Signals on line 3050 are opera- 
an output period of 25ms on line 2910 at its "2 12 " output tive to be received as input by inverter 3060 which will 
terminal. Counter 2900 is reset at its "CLR" terminal by 30 output a polarity-reversed analog thereof on line 3065 
a signal on line 2915 as will be explained intra. Line 2915 to OR gate 3070. Abnormal reset for counter 2900 may 
is biased by a resistive network 2920 comprising a pair also be made by receipt of a CPU 40 command signal 
of commonly terminated resistors. In the network 2920, from function decode 100 on supra line 1160 to OR gate 
a first resistor of 2.2k ohms is biased by +5v and a 3070. Upon alternative receipt of inputs by OR gate 
second resistor of 490 ohms is grounded. If said binary 35 3070, it will output on signal therefrom on line 3075 to 
counter 2900, after being clocked on line 2905, does not supra OR gate 3035 for processing as decribed before, 
receive a reset from line 2915 after 25ms, then it is oper- Fault flip-flop 2960 may be alternatively set by a CPU 
ative to output a signal on line 2910 to inverter 2925. 40 command indicating an operating program detected 
Inverter 2925 will, in turn, output on line 2930 to in- fault. A supra-described status signal from function 
verter 2935 having an output on line 2940. A polarity 40 decode 100 on line 1315 indicating a need for fault flip- 
reversed signal outputed from inverter 2935 on line flop 2965 set is transmitted to a D-type flip-flop 3080 
2940 is operative to be received by OR gate 2945 for identical to flip-flop 2965 at its D input terminal for 
subsequent outputing on line 2950. latching thereof. Said flip-flop 3080 being clocked at 

Signals on line 2950 are received by OR gate 2955 for terminal CLK by a Phase 1, 2mc signal on supra line 

throughputting to line 2960. A four-bit bidirectional 45 220, and a system reset on supra line 1165. Upon being 

shift register, Model 74194, used here as a D-type flip- set, flip-flop 3060 will output from terminal **Q" on line 

flop 2965 is operative to receive at its D terrninal input 3085 to inverter 3090 and bifurcate to line 3095. In- 

signals on line 2960 for setting the flip-flop 2965. The verter 3090 is operative to output on line 3100 to AND 

flip-flop 2965 acts as a fault flip-flop or latch device gate 3105 and to bifurcate on line 3110 to AND gate 

whenever the timer or counter 2900 indicates a system 30 3115. Signals on line 3095 are further operative to be 

fault condition. D-type flip-flop 2965 is adapted to re- received by AND gate 3120 for outputing on line 3122 

ceive at its "CLK" terrninal, Phase 1 clock pulses at a to OR gate 3130. Upon concurrent receipt of data bus 

2mc rate on line 220 described supra. Flip-flop 2965 is 195A, line Dl, from data bus control 150 and CPU 

further operative to be reset at its terminal "CLR** by command signal on line 3110 at supra AND gate's 3115 

the system reset signal on line 1165 also described supra. 35 inputs, AND gate 3115 will output on line 3117 to supra 

Once set, flip-flop 2965 will output at its tenmnal Q on OR gate 2945 thereby derivatively setting fault flip-flop 

line 2970. Line 2975 bifurcates first on line 106 to direct 2965. 

memory access apparatus 10 for activation thereof upon Concurrent receipt of a DO signal from data bus 195A 

occurrence of a fault as described supra and secondly on and a CPU command signal on line 3100 by AND gate 

line 2975 to an OR gate 2980. Upon receiving an input, 60 3120 will enable outputing thereof on line 3125 thereby 

OR gate 2980 is operative to send signals on line 2985 putting time 2900 in indefinite reset and locking out 

through OR gate 2990 to output on line 107 to OOIM fault detection until the data bus DO signal is removed. 

200 described supra for purposes of cycling down the OR gate 3100 is operative to alternately receive signals 

Host machine 30 subsequent to a detected fault condi- from AND gate 3105 and AND gate 3120 on tines 3125 

tion. 65 and 3122, respectively, for outputing on line 3125 to 

For independent fault set to the Host machine 30 D-type flip-flop 3140 which is identical to flip-flop 

through a control panel switch (not shown), a signal 3080. Rip-flop 3140 is clocked at terminal CLK by a 

must be received on line 2995 from the control panel Phase 1, 2mc signal on supra line 220 and system reset at 
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tcnninal CLR by supra line 1165. Upon setting of flip- A0-A2 from address bus control 150 are received on 
flop 3140, it will output from terminal "Q" to trifurcate lines 833 to be inputed to their respective inverters 
to supra OR gate 2990, supra OR gate 3045 and supra 2840A-C respectively. Polarity-reversed outputs from 
AND gate 3120 on lines 3145, 3155 and 3150 respec- inverters 2840A-C are sent on lines 2845A-C to the zero 
tively. 3 or "0" input terminals of multiplexer 2835. Logical 

In the input optical isolator module (IOIM) 182 of the non-negated address signals A0-A2 from address bus 
IOPM 90 as shown in FIG. 22, optical coupling is pro- control 150 are received on lines 816 to be inputed to 
vided for electrical isolation between the electromag- the one or "1" terminals of multiplexer 2835. 
netically shielded or screened controller 20 as receiver The multiplexers 2825 and 2835 act to select bit or 
and the Host machine 30*s control registers (not shown) 10 byte logic for data bus inputing to the CPU 40. As such, 
as transmitter, thereby minimizing and otherwise pre- when multiplexer 2835 receives all true "1" inputs from 
eluding noise transients from entering the controller 20 lines 816 corresponding to addresses A0-A2, then ac- 
protected environment. It will be realized that in an cordingly the byte mode is selected, otherwise the bit 
alternative embodiment, a matrix read module could be mode is promptly selected. When the byte mode is 
interposed between the IOIM 182 and the Host machine 15 selected, line 2810H corresponding to data bus signal 
30*s control registers (not shown) for interfacing there- D7 will be passed through multiplexer 2825 to be out- 
between. Data bus signals DO-D7 are adapted to be puted accordingly on data bus D7, line 185A. Other- 
received on shielded cable on lines 193B from the spa- address signals A0-A2, as interpreted by multi- 
tially remote Host machine 30*s control registers (not piexer 2835 and as sent to select input A-C of multi- 
shown) to the IOIM 182 of the controller 20. It will be 20 plcxcf 2825, determine which data bus signal D0-D7 
further appreciated that the Host machine 30's control ^ reinterpreted by multiplexer 2825 on line 185A 
registers (not shown) may be adapted to have their — D7 fof bit mode operation. 

output lines, optical isolator drive or transmitter ele- Complementing the IOIM 182 is an output optical 
ments (not shown) similar to those described infra lnthe mo dule (OOIM) 200, as shown in FIG. 23, and 

OOIM 200 as drivers 2860 and resistive networks 2870. 25 which ^ provided m ^ IOPM 90. Optical coupling is 
Each of the data bus lines 1933 for D0-D7 comprises pmAM ^ QOIM 200 for transmission by the trans- 
loop of two toes whichwe cros^nne^ by a for- rtion of00 IM 200 described infra of signals 
ward biased loading diode 2800A-H which nw^ the ^ shielded cable by the electromagneticaUy 
spatial be^nning of the electromagnetic shielchng of 20 and electrically isolated recep- 
controller 20 as % si j^ 30 tion of the signals by the receiver or optically isolator 
^ to 42?rS. n ° Hi ^Z^ir^r^r Portion of theOOIM 200 described infra for transferal 

to adjacent control registers (not shown) mentioned 
D0-D7 proceeds to SSmSS supra inAe Host machine 30, thereby precluding noise 

of the optical isolators f^'^^^^^J^ „ transients generated in the Host machine 30 and else- 
4361 which is a high CMR, high-speed optically cou- 35 where fr0 * Meeting the otherwise unprotected control 
pled gate. rtrw .. . Bllyw registers (not shown). Address bus 86 lines for A3-A7 

n * °P^f r^Zl are received from address bus control for inputing to 

press noise transients from the matru read module (not ™ 1ftCAAD . H . „ 

shown) interfacing with the Host machine 30 s sensors ° R j£ 

("L 't shown) by electrically isolating them in an 40 dressed data is to be received from the matnx read 

o>c S ! reS «viZnen? Output rig- modu.e (not shown) during a corrcspondmg read opera- 

nals from the optical isolators 2805A-H proceed on data uon - , , _ D tan a du.. 

bus lines 2810A-H to commonly terminated resistive , Also commonly received by OR gates 2850A-Ewan 

2815A-H. Said networks 2815A-H each have ^ernste mput on hne 1795 from the ready delay mod- 

at one end a pair of commonly connected resistors 45 ule 1270 as an override signal for nidicaUng that a grow 

wh«e the first VeTistor of 492 ohms is biased by a +5v read operation of all address^ of data m the mamx read 

and the second resistor of 2.2k ohms is grounded. Data nnxhAt (not shown) is required forjtorage in the non- 

C signals DO through DO subsequently proceed to volatile memory 19L OR gate. 2^-Ei« operative 

lines 1WH-B, respectively, to thedata bus control 150 to output on lines 2855A-E to inverters ZS^A-E-m- 

Srib^ supra^dalin«2810A-H also are operative 50 verters 2860A-E each bemg Hex inverter buffers, 

toWfiu^te to lines 2820A-H for D0-D7. Lines M20A- Model 7416. Inv«ters 2860A-E «« operaUve to output 

H are then received as inputs to terminals D7-D0, re- a polarity-reversed agnal on lines 2M5A-E to resistive 

spectively, of multiplexer 2825. Multiplexer 2825 is an networks 2870AE for biasing said lines. Resistive net- 

SSSne input multiplexer, Model 74151. Strobe works 2870A-E are each comprued o^fin* b^ng leg 

enable input terminal "S" of multiplexer 2S25 is 55 2875A-E and a second biasing leg 2880A-E. _Said first 

grounded for continuous operation thereof. Multiplexer biasing leg 2875A-E has, in series, a first resistor of 2k 

2825 is also operative to output on line 185A asa logical ohms, a +5v bias, and a second resistor of 220 ohms 

negation from terminal "Y" for data bus signal D7. Data The second biasing leg 2880A-E has a resistor of 220 

selec, input terminals A, B and C receive inputs from ohms. Said first and second biasing legs 2875A-E. 
lines 2830A-C, respectively, from output terminals A-C 60 2880A-E provide a loop signal path for address lines 

of infra-described multiplexer 2835. It will be noted that A3-A7 from the IOPM 90 per se via a shielded cable to 

multiplexer 2835 is a Model 74157, Quad 2, to 1 input a spatially relatively remotely located optical isolator 

multiplexer. The common select input terminal "S" of 2890A-H having a diode clamp 2885A-E across its input 

multiplexer 2835 receives its input as a presence or terminals. Each of the optical isolators 2890A-E is a 
absence of address signal A8 on line 816 from address 65 Model HP5082-4361. The optical isolators 2870A-E are 

bus control 150. The enable active low input is received functionally adjacent to supra-mentioned control regis- 

at terminal "E" of multiplexer 2835 and is grounded for ters (not shown) in the Host machine 30 for inputing 

continuous enabling. Logically negated address signals thereto an address bus line 87. 
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Data bus lines 195A-B for D0-D7 as received from FIQS. 1 through 3, the CPU 40 in CPUM 120 of the 
data bus control 190 are inputed to their respective controller 20 as shown in FIG. 4 is operative to sequen- 
buffers 2860F-M. Each of the buffers 2860F-M is a Hex tially access the controller software sorted in the pro- 
buffer, Model 7417. Buffers 2W0F-M output on lines gram or ROM memory 17S of FIG. 10 for directing the 
2865F-M to biasing resistive networks 2870F-M that are 5 activities thereof. Accessed program instructions flow 
identical to networks 2870 A-E. First and second biasing through data bus line 170 to the system bus terminal 50 
legs 2075F-M and 2880F-M remotely transmit signals in of FIG. 6 for redirecting via data bus 316 to the data bus 
a manner analogous to legs 2875 A-E and 2880 A-E to interface 41 of FIG. 5 which connects to the CPU 40 on 
optica] isolators 2890F-M. Isolators 2890F-M are adapt- data bus lines 315. The controller software is designed 
able to function as isolators 289CA-E. Isolators 2890F- 10 to periodically instruct, relative to the CPU clock 45, 
M additionally are operative to have forward biased the CPU 40 to initiate the direct memory access (DMA) 
leading diodes 2885A-E connected across the input operation for update-refresh of control registers in the 
terminals thereof similarly to diodes 2885A-E. Isolators Host machine 30. The controller softwave is further 
2890A-E are adapted to output on data bus lines 193A designed to aperiodically instruct the CPU 40 to initiate 
to relatively adjacent control registers (not shown) in IS the DMA operation whenever data received on data 
Host machine 30 in a manner similarly shown as in bus 315 from the Host machine 30 by CPU 40 indicates 
regards to isolators 2890A-E. a predetermined abnormal or environmental condition. 

The watch dog timer circuit 105, as described supra, Specifically, a condition capable of blanking the host 

is adapted to output a control signal on line 107 to buff- machine 30. The controller software is further designed 
ers 2860N that is similar to buffers 2860F-M. Buffer 20 to aperiodically instruct the CPU 40 to initiate the 

2860N will then output on line 2865N to resistive net- DMA operation whenever data received on data bus 

work 2870N which is identical to networks 2870F-M. 315 from the host machine 30 by CPU 40 indicates a 

The first and second legs 2875N and 2880N of network predetermined abnormal or environmental condition. 

2870N are operative to carry signals remotely to an Specifically, a condition capable of blanking out or 

optical isolator 2890N that is identical to isolators 25 causing erasure of the contents of the control registers 

2890 A-M. Isolator 2890 N is further adapted to have a in the host machine 30 thereby requiring immediate 

diode 2885N identical to diodes 2885A-M for cross-con- refresh thereof. Initiation of the DMA operation by 

nection at the input terminals of isolator 2890N. Isolator CPU 40 is accomplished by the outputting of a binary 

2890N, upon receipt of a given input, will transmit on command signal of "111001 1000000010*' on address 

line 2891 a signal to an adjacent control register (not 30 lines A15 through AO respectively of address bus 79. 

shown) in the Host machine 30 in a manner similar to The DMA binary command is routed from address bus 

that described for infra isolators 2890 A-M. 79 of the CPUM 120 through address bus interface 42 of 

The direct memory access apparatus 10, as described FIG. 4 to the system bus terminals 50 via address bus 80. 

supra, is also adapted to output a pair of control signals From the system bus terminals 50, the DMA initiation 

on lines 2612 and 104 to the OOIM 200 when the first 35 signal is routed through connecting address bus lines 85 

signal is a Imc clock and the second signal is DMA to the function decoder 400 in the IOPM 900 of FIG. 13 

period indicator respectively. Lines 2612 and 2660 are for addresses A9 through A15. Address lines AO 

received by drive buffer 2860 </> and drive inverter through Al are received by junction decoder 100 on 

2860P four outputing on lines 286ty and 2865P respec- address bus 86 derivatively from bus 85 via the address 

tively. Lines 2865<f> and 2865P are received by resistive 40 bus control 150. 

networks 2870<f> and 2870P, respectively, which are The decoder 1215 is operative to output, upon receipt 
identical to supra networks 2870 A-N. The first and of a strobe signal that is a gated derivative of a combina- 
second legs 2875$ and 2880$ of network 2870, and the tional subset of addresses A11-A15 and CPU sync sig- 
first and second legs 2875P and 2880P of network 2870P nal line 290, memory read CPU signal line 1225, and 
are operative to carry signals remotely to their respec- 45 select A or B on address lines A9 or A10 respectively, 
tive optical isolator 2890$ and 2890 P. Isolators 2890$ on the 1Y or 2Y ports to strobe and input the decoder 
and 2890P are each identical to isolators 2890A-N. Each 1305. Receipt of a predetermined combination of ad- 
of the isolators 2890$ and 2890 P is further adapted to dress AO or Al act to select either 1Y or 2Y output 
have a diode 2885$ and 2885 P, respectively, for cross- ports for decoder 1305. Accordingly, for the given 
connection of each to its respective input terminals of 50 supra A15 through AO address to the function decoder 
isolators 2890$-2890P. Diodes 2885$ and 2885P are 100, the decoder 1305 will output a start DMA refresh- 
each identical to diodes 2885 A-N. Each of the isolators update signal on line 1310 to the direct memory access 
2890$ and 2890P, upon receipt of a given input, will apparatus 10. 

transmit on respective lines 2892 or 2893 a signal to an Receipt of a start refresh-update signal, indicating 

adjacent control register (not shown) in the Host ma- 55 that DMA is required, by inverter 2505 on line 1310, 

chine 30 in a manner similar to that described for infra will initiate a polarity reversed analog through OR sets 

isolators 2890A-N. 2515 to flip-flop 2525 for latching thereof. Once flip- 

flop 2525 is clocked to its set on latch position, it will 

°P eratlon: output a logical true representation thereof to AND 

The read only direct memory access operation in the 60 gate 2670. At system reset time there is outputted, at the 

controller 20 is activated by a memory reference com- QD output of binary counter 2740 a negated "END of 

mand from the CPU 40 in the CPU 120 which will DMA refresh*' construed here as a logic true signal, 

initiate a series of direct high-speed data transfers to Concurrent receipt of true inputs at gate 2670 from 

output refresh the Host machine 30 from data memory counter 2710 and flip-flop 2525 will consequentially 

60 also in the CPU 120 under independent control of the 65 allow outputting of a logical true signal through OR 

DMA apparatus 10 of FIG. 16 in the IOPM 90. gate 2515 thereby completing a feedback loop from the 

Particularly, during any given machine run where the output to the input of flip-flop 2525 for the latching 

controller 20 is directing the Host machine, as shown in thereof. 
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Flip-flop 2525, once latched, will also output a logical ceived. Both counters 2705 and 2710 are clocked at a 

true signal through OR gate 2560 and inverter 2570 to phase X 2MC rate but are inherently limited by design to 

AND gate 2580. It will be noted here that the DMA output at a IMC rate. Once counters 2705 and 2710 are 

operation could also have been initiated by a signal on enabled as described supra, they will count from their 

line 106 from the fault watch timer 105 to OR gate 2560. 5 preset point to the top of counter's 2710 range at tenni- 

The other input to AND gate 2580 on the start refresh nal Qd as represented by the supra end refresh signal on 

line 1310 requires a negation of the start refresh for line 2675 to AND gate 2670 thereby unlocking said gate 

logical true, negated start refresh will always occur a 2670 to terminate the DMA operation by releasing all 

maximum of 0.5 u.s. or 1 clock cycle after termination supra described latches. The output signals on lines 1*5 

of the start refresh signal from the function decoder 100. 10 from the enabled binary counters 2705 and 2710 serve as 

As such, concurrent receipt of true inputs by gate 2580 DMA refresh-update addresses for direct accessing of 

will enable setting of flip-flop 2590 thereby latching data or RAM memory 60 in the CPUM 120. Specifi- 

flip-flop 2590 as long as associated flip-flop 2525 also cally, to access the 40 byte words dedicated to DMA in 

remains latched. Latched output from flip-flop 2590 RAM memory 60, binary counters 2705 and 2760 must 

will transmit a "Hold" request signal on line 450 to CPU 15 sequentially output predetermined addresses 65896 

40 for suspension of program execution thereon. through 65535 in this embodiment. Alternatively, when 

The direct memory access apparatus 10 remains in the second or B input of counter 2710 is preset to one by 

the supra described logical latched state until a "hold grounding out network 2750, a 56 byte word DMA 

acknowledge" signal on line 475 is received from CPU operation may be obtained by accordingly accessing 

40 indicating that the CPU 40 rests in a suspended state 20 address 65480 through 65555 from same supra RAM 

and that the DMA apparatus 10 may assume control of memory 60. 

the system bus including all data and address buses in Flip-flop 2555, once latched, will output control in- 

the controller 20 as will be described in Figure. Accord- puts to AND gates 2695 and 2700 which, upon concur- 

ingly, the 4 *hold acknowledge** signal on line 475 will rent receipt of the IMC signal and a power normal 

input through inverter 2530 to AND gate 2540. AND 25 signal respectively, will act to output enabling signals 

gate 2540 will main tain concurrent receipt of its input operative to vest control of the system bus, including all 

throughout the DMA operation in so much that hold data and address buses of the controller 20, in the direct 

acknowledge from CPU 40 and latch output from flip- memory access 10 of the IOPM 90 as will be shown 

flop 2525 will remain up or set one word DMA. As infra. 

such, gate 2540 will act to set flip-flop 2555 in a latch 30 AND gate 2695, upon concurrent receipt of the 

condition throughout the DMA period. DMA set signal from latched flip-flop 2555 and the lmc 

Flip-flop 2595 acts as a toggle switch by feeding back clock signal from toggle flip-flop 2595, will output a 

a negation via an inverter 2615 from its output to its derivative lmc DMA strobe signal through OR gates 

input thereby allowing the flip-flop's 2595 output fre- 1690 and 1705 of ready control 1090 to the multiplexer 

quency to be a time division by two of its clocked fre- 35 920 of data bus control 190. The DMA strobe signal is 

quency. Thus for a phase I clock input of 2Mc, the operative to pass through said multiplexer 920 to paral- 

flip-flop 2595 will output a clock signal at a IMc rate, lei shift data through the shift registers 197A and 197B. 

through inverter 2615 and OR gate 2630 to the input of Specifically, at a temporally concurrent point when any 

AND gate 2640. Upon concurrent receipt of a latch given address provided by the binary counters 2705 and 

signal from flip-flop 2555 and an initiating IMc clock 40 2710 is incremented for the next direct memory access 

signal from toggle flip-flop 2595, flip-flop 2555 will be of data memory 60, then shift registers 197A and 197B 

set. A feedback loop from the flip-flop*s 2555 output acting as data input buffer latches will capture the data 

through OR gate 2630 will act to override the IMC byte from the current DMA access on data bus 180. 

clock signal thereby latching flip-flop 2655 throughout AND gate 2700, upon concurrent receipt of the 

the DMA operation. The IMC clock from toggle flip- 45 DMA set signal from latched flip-flop 2555 and the 

flop 2590 is also used via 00IM200 to sync the control power normal signal from the PN generator 2105 is 

registers (not shown) in the host machine 30 during the non-volatile memory 191, will output a continuous bus 

DMA operation. control signal throughout the DMA period. This will 

The latched or load output signal from flip-flop 2655, enable the tri-state devices 1470 and 1875 in ready con- 
indicating that the DMA operation has now set, is oper- 50 trol 1090 to surpress the DBIN and memory read sig- 
ative to activate the serially connected binary counters nals on lines 285 and 377 respectively from CPU 40 into 
2705 and 2710 through each of their parallel enable a low or logical false state thereby disenabling CPU 40 
inputs. It is also used via OOIM200 to indicate the period from receiving DMA accessed data. The bus control 
of DMA to the control registers (not shown) in the host signal from AND gate 2700 also is operative to disable 
machine 30. Binary Counter 2705 has all of its four 55 tri-state drivers 196 in the data bus control 190 that 
inputs ground for zero preset. Binary counter 2710 has receive data from multiplexer 186A-D thereby prevent- 
its third or C input grounded for zero preset and its ing throughputting of external data onto data bus 180 
remaining inputs biased by resistive networks 2735 and during the DMA operation. Additionally, AND gate 
2750 for one preset. Count enable parallel and count 2700 is operative to output a bus control signal to enable 
enable trickle inputs for counter 2705 are biased for 60 the tri-state driver 825 to assume control in the address 
continuous on by supra network 2735. Binary counter bus control 150 thereby allowing the generated refresh- 
2710 acts to receive its count enable trickle continu- update addresses from the direct memory access appa- 
ously on bias inputs through network 2740, and its ratus 10 to be main lined into address bus 85. As such, 
count enable parallel input from the terminal count once the bus control signal has acted on the supra tri- 
output of counter 2705. Continuous master reset bias 65 state drivers 196 and 825 in the address and data bus 
signals for both counters 2705 and 2710 are received controls 150 and 190 respectively, and supressed the 
from network 2720, but are operative to be overriden by DBIN and memory read control signals from CPU 40, 
preset inputs whenever a parallel enable signal is re- it can be assumed that the direct memory access appara- 
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tus 10 in IOPM has assumed effective control over the 86 by the standard CPU 40 memory reference instruc- 
system bus away from the CPU 40 CPUAO during the tion set stored in program memory 475. Power for the 
DMA operation. non-volatile memory 191 is normally obtained through 

Once the supra DMA operation has been initiated to the voltage regulator submodule 1845, but the contents 
output refresh update addresses from the direct memory 5 of the non-volatile memory may be sustained when 
access apparatus 10, transmittal thereof may be had system power is off by the rechargeable battery in the 
along address bus 145 to the address bus control 150. At VBATT circuit 2270. Likewise, a power turn-on or 
control 150, enabled tri-state drivers 825 will redirect turn-off is operative to be sensed through the BPN 
the DMA addresses onto the main address bus 85 for receiver 2165, the PN generator 2105 and CMOS pro- 
operative flow from the IOPM 90 to the CPUM 120. 10 tection circuitry in the main circuit of the non-volatile 
System bus terminals 50 will get to throughput the memory 194 itself for insuring the integrity of the con- 
DMA addresses to address bus 165 for operative receipt troller 20 and the memory contents of the memory 191 
by the data memory 50. Particularly, DMA addresses during a power up or down sequence, 
on bus 165 are driven through tri-state drivers to output In the BPN receiver 2165, power normal sensing lines 
on lines 595 to each of the respective address inputs of IS 2170 and 2175 from the host machine 30 are received 
RAM's 495A-H and 500A-I. All of the RAM's of data therein by an optical coupler 2200 for noise immunity, 
memory 60 are operative to receive their read/write and then are throughputtcd a transistor switch 2235 for 
input from the CPU 40 write command on line 295, and enabling a CMOS protection circuit having latched 
their chip enable input from the moment address de- AND gates 2345 and 2350. An abnormal power normal 
coder 57. The prescribed portions of the DMA initia- 20 signal from the BPN receiver 2165 indicating a power 
tion address from CPU 40 on address bus 165, compris- down condition will act to condition the AND gates 
ing address lines A10 through A15, enable decoder 385 2345 and 2350 into a latched state for presetting the 
while a subset thereof including A10 through All are current instructions being processed by holding the 
operative to chip enable RAM's 500A-I. RAM chip enable input high until the end of the ins true - 

The accessed DMA data will output on lines 655B to 25 tion thereby guaranteeing the integrity of that ins true - 
the respective tri-state drivers 680 in program memory tion relative to the memory 191. The CMOS protection 
175 which has had its control line 490 condoned by the circuit gates 2345 and 2350 also are operative to output 
high output of supra described decoder 385 in the mem- a signal to the PN generator 2105 derivatively indicat- 
ory address decoder 57. The DMA accessed data pro- ing a power normal or abnormal environment The PN 
ceeds from the program memory 175 on data bus 170 30 generator 2105 having serially connected switching 
through system bus terminal 50 in the CPUM 120 to the transistors 2135 and 2155 respectively is operative to 
IOPM 90 on bus 180. The data bus control 190, once distribute the power normal signal to the DMA appara- 
having proscribed other data from being received dur- tus 10 and the ready control submodule 1090 which, as 
ing DMA, is operative to flow DMA on bus 180 described supra, require an indication thereof 
through buffer latches 197 A-B to data bus lines 195A-B. 35 The VBATT circuit 2270 acting as a submodule of 
The output optical isolator module 200 is operative to the non-volatile memory 191 will normally act to sim- 
optically convert data bus lines 195A-B adjacent to the ply distribute a +10 VDC power signal onto a non- 
control registers (not shown) in the host machine 30 to critical power line 2280 that biases the address and data 
lines 193A inputting to said registers for elimination of bus lines 195A-B and 86 respectively for the RAM's 
noise picked up along remote transmissions of data by 40 2480A-H of the non-volatile memory 191, and a critical 
the data bus lines 195A-B. power line 2305 that must be maintained for a finite 

At the end of the DMA function, binary counters period even during a power up or down interval. The 
2705 and 2710 of the direct memory access (DMA) critical power line 2305 is operative to help maintain all 
apparatus 10 will count out as an end of refresh signal of the CMOS protection gates including 2380, 2385, 
that will unlatch flip-Hop 2590. As such, the hold re- 45 2370, 2345, 2350, 2450, 2425, 2415 and 2430 through 
quest lines will go low allowing the CPU 40 to power their respective power control input terminals. This in 
up out of its suspended state as indicated by a low hold turn derivatively maintain* R/W and CE inputs of the 
acknowledge (HOLDACK) signal to the DMA appara- RAM 2480A-H particularly during the processing of a 
tus 10. Receipt of the negated HOLDACK signal will current instruction. The critical power line 2305 is fur- 
derivatively act to unlatch flip-flops 2525, 2555 and 50 ther adapted to supply power directly to the RAMs 
2655. This in turn will reenable data flow through the 2480A-H even in the event of a power down situation 
tri-state drivers 196 in data bus 190 from the multiplex- thereby preserving the data contents of the memories, 
ers 186A-D into the main data bus lines 180. Likewise, An auxiliary function of the critical power line 2305 of 
the tri-state drivers 825 in the address bus control 150, at the VBATT circuit 2270 acts to bias the switching 
the end of the DMA operation, will also be disabled 55 transistor 2235 for sensing a normalization of the power 
thereby proscribing refresh addresses from the DMA normal signal from the host machine 30 indicating a 
apparatus 10 from flowing into the main address bus 85. turn-on power-up condition. 

Thus with the tri-state drivers 196 enabled and tri-state Processing a lOVDC critical power signal on line 
drivers 825 dis-enabled at the AND of the DMA period, 2305 from the VBATT circuit 2270 involves the normal 
the CPU 40 may again assume control as before of the 60 power condition of trickle charging the rechargeable 
system bus including the data and address buses for battery (not shown) through dropping resistor 2310 and 
normal processing of data until the next DMA opera- forward biased gate diode 2315 from the lOVDC 
tion is initiated by processing in the CPU 40. power supplied by the voltage regulator 1845 thereby 

The non- volatile memory 191 of FIGS. 17 through 21 insuring a fully charged battery, 
having random access memories 1480 A- H is operative 65 Once power goes down from the voltage regulator 
to appear to the CPU 40 as part of its read/ write data 1845, diode gate will reverse bias as will diode gate 2300 
memory complement on data buses 192A-H and 195A- thereby acting as a barrier to any electrical back-up by 
B respectively so that it may be accessed on address bus the rechargeable battery. Without bias from diode 2315, 
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diode gate 2320 becomes forward bias, thereby acting as magnetic shield (not shown) for purposes of noise im- 
a barrier to any electrical back-up by the rechargeable munity. Emulating from the generic optical isolators are 
battery. Without bias from diode 2315, diode gate 2320 loop lines 2875A-P and 2880A-P encased in RF shield 
becomes forward bias thereby allowing the recharge- cable for remote spatial dispersion to associated re- 
able battery serve as the new source of power for criti- 5 ceiver modules or optical isolator receiver comprising 
cal power line 2305 during a failed power or power load diodes 2885 A -P and optical isolator per se 2890A- 
down condition. P. Said optical isolator 2890A-P is operative to substan- 
The fault watch timer 105 of FIG. 24 is provided to tially eliminate whatever noise was picked up by driver 
measure the period required for a direct memory access signals on the loop lines 2875 A-P and 2880 A- P in spite 
of data from the data memory 60 by the DMA appara- 10 c f the RF cable shielding before inputting to adjacent 
tus 10 to the host machine 30 thereby setting up a mal- control registers in the host machine 30. 
function flag in the event of an abnormally long period The IOIM 182 is adapted to function in a substantially 
between direct memory accesses. The fault watch timer identically, but reverse mode of the operation of the 
105 comprises a free running counter 2900 which under OOIM 200. As such, data bus 193B loop lines D0-D7 
normal circumstances will be reset periodically by a 15 m received through RF shielded cable from a remote 
signal indicating that a DMA operation is being per- transmitter on generic optical isolator driver having a 
formed. If said reset is not forthcoming within 25 ms of driver and biasing resistive network (not shown) that 
the previous one, the fault flip-flop 2965 is latchably set obtains its source of signal from adjacent control regis- 
indicating a controller 20 failure or programming error ters in the host machine 30. Accordingly, data bus 193B 
thereby derivatively issuing a machine fault and a CPU 20 ^ to to a recc j pt module or optical isola- 
40 fault signal on lines 107 and 106 respectively. The tof ^ivcr having a loading diode 2800A-H and an 
fault signal on line 106 is sent via the OOIM200 to the Ucal 2805A-H for substantially eliminating 
control register (not^own) of the host maclime 30 for interference that may be picked up by the RF 
disenabling thereof. The CPV 40 fault signal online 100 ^ from ^ d^a-h are 
is indirectly operative, through the D^ apparatus 10 25 ^ ^ ^ ^ lg5B _ H ^ ^ ^ bu8 COB|fo| m 
to place the CPU 40 m a suspended or hold state. Alter- ^ ^ ^ I0IM m ^ part of the 
nafcvely. the rnachme & CPU fault signal on hues 107 , opM90as ^ e IO PM90andthe CPUM 120 are both 
and llHinaybeindLrecUyhad by receipt ofa^ CPU 40 enclosed by a rf electromagnetic shielded enclosure as 
decoded command control signal on line 1315 from the mentioned auora 

function decoder 100, and a data line 195A Dl signal 30 IO i M 182 is further functional to determine bit 

from the data bus control 190 for setting nip-flop 3080 ^J^^^^^^^^^ 

and activating AND gate 3115 respectivel^Fault Hip- J 

flop 2965 may be reset either by a system reset signal on " r 'T* IE wi ™J^™ifiL nr 

shown) sUmal on line 3050 through OR gate 3070. It 35 *™r , *^™L" 7\ ^T*:, ^w. "J™ * 

will be n^elthat the machine fauh signally on line multiplexer ^** e £*^ 

107 may be had also by a switch activated control panel J™* W ^?*£ h ™ ^J^T™ 

(not^hown) signal through AND gate 3000. IfiTia **J» 2MDA-H is to be the cn^rej^^c 

desired to leavflhe fault watch timer 105 in its reset *» 0peratK)n OD *** 185A ^ the data bus 

condition, a date line D2 signal from the data bus con- 40 TOm ™ ™" e . ... „ *> . « 

trol 190 may be received by AND gate 3105 in the While the above referenced eminent of them- 

absence of a fault command signal from CPU 40 at vention has been described m^iisiderable det^ with 

flip-flop 3080 thereby allowing flip-flop 3140 to be set respect to the system, it will be appreciated that other 

into a latched condition for continuous outputting of a mc<ufications and variations therein i may be made by 

reset signal to the free running timer 2900. 45 those skilled in the art without departing from the true 

In the OOIM 200, data bus 195A-B is operative to «P mt and scope of the invention, 

have signals D0-D7 from date bus control 190 for re- u claimed a: 

ceipt by the host machine 30 control registers, address 1- A system for directing a host machine comprising: 

bus 86 signals A3-A7 from address bus control 150 for (a) microprocessor means for manipulating date and 

receipt by the matrix read module (not shown) when 50 for providing address, data and control signals for 

said alternative embodiment is used, and fault, IMC nost machine control; 

clock and DMA operation control lines 107, 2612, 1104 (b) system bus means operative to der*ndentiy inter- 
respectively from the fault watch timer 105 and direct face with said inicroprocessor means for bidirec- 
memory access apparatus 10 (twice) respectively for tonally carrying the data, address and control 
syncing and initializing watch dog timer and direct 55 signals; 

memory access functions in the control registers of the (c) data memory means coupled to said system bus 
host machine 30. It will be noted that for test purposes means for storing the data signals, and for read- 
all address bus lines 86 received by the OOIM 200 may write interfacing through the address signals re- 
be activated simultaneously at OR gate set 2550A-E by ceived on said system bus means; 
a control signal on line 2795 from the ready delay sub- 60 (d) direct access means operative to receive a prede- 
module 1270 of the function decoder 100 upon CPU 40 termined periodic enabling address signal on said 
command. All of the supra described lines are each system bus means from said microprocessor means 
adapted to input to their respective transmitting mod- for issuing a hold signal thereto after a predeter- 
ules or generic optical isolator drivers comprising driv- mined period for operational suspension, and subse- 
ers 2060A-P and biasing resistive networks 2870A-P. It 65 quently upon acknowledgement after a predeter- 
will be appreciated that the supra generic optical isola- mined period for control assumption of said system 
tor drivers 2860A-P and 2870A-P as part of the IOPM bus means for generating active state control and 
is enclosed together with the CPUM 120 in an electro- address signals to said system bus means that will 
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directly access said data memory means for host means for generating the alarm signal to said second 
machine update; and bistable means, 
(e) fault timer means operative to receive the active <• Th* system according to claim 4 wherein said fault 
state control signal from said direct access means timer means further includes gating means operative to 
for self resetting, and upon non receipt thereof for 3 concurrently receive the setstatus signal from said sec- 
generating a hold signaTafter . predetermined per- ond b ^ ble , me T «* • predetermined data bus signal 
• » « . " °~ r > on said system bus mesas from said microprocessor 
kxI through «ud direct access means to said micro- anm fc /generating a reset initializing signal 
processor means and a fault signal for host machine 7 systcm according to claim 6 wherein said fault 
disable. 10 timer means further includes third bistable means opera- 

2. The system according to claim 1 wherein said fault tive to receive the reset initializing signal from said 
timer means comprises: gating means and a predetermined data bus signal on 

(a) free running counter means clocked at a predeter- said system bus means from said microprocessor means 
mined frequency for normative reset by the active for generating the active state control signal to reset 
state control signal from said direct access means if 15 said free running counter means and the fault dissena- 
less than or equal to a predetermined period, and blin * si 8 naI to **** machine. 

upon absence of reset after the predetermined per- 8 - T ^ lc system according to claim 2 wherein said fault 

iod for generating an alarm signal- and timer means furtber includes gating means disposed to 

(b) first bistable means operative to receive the alarm , n a c ? ntrol <^ectly frwn said nucroproces- 
signal from said free nrnning counter means for 20 f° r m f^!° T generating active state control signal 

rV j ia 1 r 7~ I? to said free runmng counter means for resetting thereof, 

clocked latching hereof, and for generating the 9 ^ sy8tem Znrtmg to claim 2 wherein said first 

hold signal through said direct access means to said fauiblc means is a D-type flip-flop, 

microprocessor means and a fault disenabling sig- io. The system according to claim 4 wherein said 

nal as an operation disenable to the host machine. 25 second bistable means is a D-type flip-flop. 

3. The system according to claim 2 wherein said fault 11. The system according to claim 9 wherein said 
timer means further includes latch means operative to third bistable means is a D-type flip-flop. 

receive address bus signals on said system bus means 12. The system according to claim 5 wherein said 

from said microprocessor means for cognitive decoding gating means is a positive logic AND gate, 

thereof into a latched status command indicative of a 30 ^ system according to claim 6 wherein said 

program fault in said microprocessor means. gating means is a positive logic AND gate. 

4. The system according to claim 3 wherein said fault 14 The 8VStcni according to claim 8 wherein said 

timer means further includes second bistable means ^J^f a lo &°* f*- . M . 

^ or s~~s* i^Kawi ^ m m 0 n^ fw>« c 0 i* IS. The system according to claim 2 wherein said free 

operative to accept the ktehed command from said 35 ,^7* binary counter, 

latch means for clocked latching thereof, and for gener- ~rhc system according to claim 15 wherein said 

ating a representative set status signal. binary counter is operative to up count. 

5. The system according to claim 4 wherein said fault 17 8ystem according to claim 15 wherein said 
timer means further includes gating means operative to binary counter is a bit asynchronous device, 
concurrently receive the set status signal from said sec- 40 18. The system according to claim 15 wherein said 
ond bistable means and a predetermined data bus signal binary counter is a CMOS device. 

on said system bus means from said microprocessor • * • • • 
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